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Abstract 
Use of very low-calorie diet (VLCD) regimen with 
various types of exercise and behavior modification has 
become a new approach in weight loss treatment over the 
past 10 years and involves hundreds of thousands of 
Americans who are severely obese (BMI >30 kg/m 2 ) and 
sedentary. To date the studies examining various 
combinations of exercise and VLCD regimens on the 
repartitioning of body composition and adaptations in 
resting metabolic rate (RMR) remain plagued with 
discrepancies. A priority exists to discover effective 
exercise programs during a VLCD therapy to achieve 
desirable repartitioning of body composition and 
preservation of resting metabolic rate (RMR). 
This study undertook to investigate a 12-week 
program of a nutrient dense VLCD formula combined with 
mixed exercise programs of endurance and weight training 
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on repartitioning of body composition and adaptations in 
RMR. Twenty-three pre-menopausal females, with a mean 
age of 38±5 years; BMI of 35.2±4.1, waist to hip ratio 
of 0.81+.06, and percent body fat of 44.3±4.7%, were 
studied using a nutrient dense 800 kcal/day (70 g 
protein) VLCD formula. Subjects were randomized to 
create three treatment groups: Diet plus no exercise 
(DO); Diet plus a moderate progressive brisk walking 
program to 200 min/wk (D200); Diet plus a heavy 
progressive brisk walking program to 400 min/wk (D400). 
In addition; 3 d/wk of weight training was prescribed 
for the D200 and D400 groups. 
The findings of this study suggest trends towards 
favoring the moderate mixed exercise program (D200) 
during a nutrient dense 800 kcal/d diet as opposed to 
heavy mixed exercise or no exercise. First, there 
appears a more favorable repartitioning of body 
composition (preservation of LBM) compared to heavy 
mixed exercise (D400) and no exercise (DO). Second, in 
favor of a moderate mixed exercise program (D200) is the 
trend for a greater decline in RMR with the addition of 
heavy mixed exercise (D400) to a VLCD compared to 
moderate mixed exercise or no exercise (D400, -11.1±7.5% 
vs DO, -6.9±2.8% vs D200, -4.7±13% per kg of LBM). 
Further rationale for employing a moderate mixed 
exercise program (D200) is the preservation of upper 
V 
body muscular strength (+0.65±4.1 kg) compared to a 
decline in nonexercisers (DO, -3.8±1.9 kg) and heavy 
exercise (D400, -2.8±2.4 kg). 
The preferred moderate mixed exercise program can 
be characterized as a 3 d/wk progressive brisk walking 
program that gradually increased to a mean of 182±41 
min/wk during weeks 9 through 12 at an intensity of 50 
to 65% heart rate reserve (HRR). In addition, it 
included weight training of four major muscle groups on 
the same 3 d/wk for 3 sets of 6 to 8 repetitions at 70 
to 80% of 1 repetition max in 15 to 20 minutes. 
Herein is described a highly specific mixed 
exercise program of endurance and weight training to 
replace the discrepancies and confusion present in this 
type of body weight control therapy. 
KEY WORDS: obesity, endurance exercise, weight 
training, body composition, resting metabolic rate 
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INTRODUCTION 
Historically, exercise had rarely been included in 
weight loss programs for the treatment of obesity. A review 
by Wing and Jeffrey et al. (1979) reported that less than 6% 
of all weight-loss studies had included exercise as a 
component of treatment. Today, however, the Scientific 
Affairs Council of the American Medical Association (1988) 
and the American Dietetics Association (1990) have now 
recognized exercise as one of the three basic modalities 
necessary for effective treatment of obesity, along with 
caloric restriction and behavior modification. The main 
goal of this treatment strategy is to achieve and maintain 
medically significant loss of body weight and fat mass while 
preserving lean body mass (LBM). The combination of 
exercise and caloric restriction has been based on the 
hypothesis that exercise will accelerate loss of fat mass, 
preserve lean body mass (LBM) and prevent or decelerate the 
decline in resting metabolic rate (RMR) more effectively 
than caloric restriction alone. 
Relationships between caloric restriction, exercise, 
body weight loss, fat mass loss and LBM preservation are 
complex and multi-factorial. The ability of the body to 
spare LBM during caloric restriction is dependent on 
numerous dietary factors which include: magnitude of the 
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energy deficit; the quality and quantity of protein; the 
presence of adequate vitamins, electrolytes, and minerals 
(Fisler and Drenick, 1987). Secondly, initial body fat 
status appears to be inversely related to the amount of LBM 
lost during caloric restriction with a greater initial body 
fat content associated with a smaller proportion of LBM 
lost. In addition, the greater the magnitude of weight loss 
the greater the proportion of LBM lost during caloric 
restriction (Forbes, 1988). Finally, genetics, and body fat 
distribution and sex dimorphism are additional variables 
that effect an individual's ability to spare LBM during . 
caloric restriction. 
Certain exercise programs has been shown to elicit loss 
of body weight and fat mass but its magnitude is less 
dramatic than caloric restriction alone (Stern, 1986). The 
ability of exercise to elicit positive body composition 
changes is affected by numerous factors which include mode 
of exercise, duration of exercise training, and initial 
fitness level (Am~rican College of Sports Medicine, 1990). 
In addition, genetics influence an individual's response to 
exercise training (Poehlman et al., 1986). The American 
College of Sports Medicine (1990) suggests that an endurance 
exercise threshold exists for loss of body weight and fat 
mass which consists of a frequency of at least 3 days per 
week; a duration of at least 20 minutes; and an intensity 
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sufficient to expend approximately 300 kcal per exercise 
session. Muscular strength training guidelines for body 
weight loss and concomitant LBM preservation have not been 
established. 
Although a plethora of studies have examined the 
combination of exercise and caloric restriction on changes 
in body composition and energy expenditure, no definitive 
conclusions regarding their optimal combination has emerged. 
Inconsistent results have been found with respect to the 
effects of endurance exercise training on weight loss and 
body composition changes during caloric restriction. It 
appears that some exercise routines may have no additive 
effects on weight loss, especially at the very low-calorie 
level when nutrient composition is inadequate (Fisler and 
Drenick, 1987). Bray (1990) proposes that certain exercise 
programs may influence the partitioning of body weight. 
Some investigators have found a greater loss of fat mass and 
preservation of LBM in exercise plus caloric restriction 
treatments (Hill et al., 1987, and Pavlou et al., 1985), 
other investigators have found no added benefit of exercise 
on body composition changes (Krotkiewski et al., 1981 and 
Van Dale et al., 1989). Inconsistent results have also been 
found regarding the ability of exercise to prevent the 
decline in RMR during caloric restriction. Whereas some 
investigators have found exercise to off-set the diet-
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induced decline in RMR (Lemons et al., 1989), other 
investigators have found no effect on the decline in RMR 
during caloric restriction (Hill et al., 1987 and Henson et 
al., 1987). Furthermore, a few studies have found vigorous 
aerobic exercise to accelerate the decline in restipg 
metabolic rate during caloric restriction (Phinney et al., 
1988 and Heymsfield et al., 1989). Differences in 
experimental design, training intensity and duration of the 
exercise program, measurement error, and sample size may 
contribute to the discrepant findings among investigators 
(Poehlman, 1989). 
A relatively unexplored area of research concerns the 
influence of resistance type exercise on body composition 
changes during caloric restriction. Although weight 
training has been shown to increase LBM during moderate 
(1000 kcal/d) caloric restriction (Ballar et al., 1988), it 
is presently unclear whether resistance type exercise has 
the potential to increases LBM during severe caloric 
restriction. 
A priority exists to discover effective exercise 
programs during nutrient dense VLCDs. This thesis 
reexamines the quantity and quality of exercise in 
combination with a nutrient dense VLCD to achieve a 
desirable repartitioning of body weight via loss of fat mass 
and preservation of LBM and preservation of RMR. 
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SPECIFIC AIMS 
The purpose of this study was to assess the dose-
response of supervised endurance and resistance exercise in 
combination with a medically supervised VLCD on body 
composition and RMR~ 
To achieve these aims, a nutrient dense 800 kcal/day 
diet (Table 1) was used in combination with different 
amounts of a new mixed exercise program to create three 
treatment groups: Diet plus o min/wk of exercise (DO); Diet 
plus 200 min/wk of endurance exercise (D200); and, Diet plus 
400 min/wk of endurance exercise (D400). In addition; 3 
d/wk of resistance exercise was prescribed for the D200 and 
D400 group. 
Hypotheses 
For the purposes of this study, the hypotheses under 
investigation were: 
The addition of a mixed exercise program to a healthy 
VLCD will affect the partitioning of body weight. While no 
additive effects of combining exercise (200 or 400 min/wk) 
with a VLCD in terms of total weight loss will occur, the 
partitioning of weight loss will be affected. A 
significantly greater loss of fat mass and preservation of 
lean body mass will occur in the D200 and D400 groups as 
compared to the DO group. 
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The dose of exercise added to a nutrient dense VLCD 
treatment will affect the response of RMR. The addition of 
large quantities of exercise (400 min/wk) to a VLCD may 
exceed a metabolic steady state and lead to a greater 
decrease in RMR as compared to the addition of moderate 
quantities (200 min/wk) or no exercise (0 min/wk). 
REVIEW OF THE LITERATURE 
REVIEW OF LITERATURE 
This chapter will examine data derived from studies 
that employed both exercise and caloric restriction in their 
treatment of obesity. Furthermore, only those studies that 
measured body composition will be examined since the 
relative contribution of LBM and fat weight to total weight 
loss is a critical issue of this thesis. The primary focus 
of this chapter will relate changes in body weight, fat 
mass, LBM and RMR to energy deficits created by caloric 
restriction alone or in combination with exercise. Possible 
explanations for inconsistent results in the literature are 
discussed and methodological considerations for future 
studies are considered. 
A comprehensive review to examine the separate effects 
of caloric restriction and exercise on body composition and 
RMR is beyond the scope of this chapter. However, it is 
instructive to briefly review a few important issues. 
CALORIC RESTRICTION 
General Description. Reducing caloric intake below 
expenditure results in body weight and body composition 
changes. The protein-sparing effects of semi-starvation 
diets has been reviewed (Blackburn and Bray, 1985). Caloric 
restriction can range from total fasting to a small 
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reduction in daily intake. Because of the adverse effects 
associate with total fasting namely, an excessive loss of 
LBM, the use of various macronutrient mixtures of protein, 
carbohydrate and fat very low-calorie diets (VLCD) and 
balanced deficit diets (BDDs) have become a more common 
practice. 
VLCDs provide 400 to 800 kcal per day and are based on 
either conventional food or liquid formulas. The food-based 
(lean meat, fish and fowl) protein-sparing modified fast 
(PSMF) provides 1.5 grams of high quality dietary protein 
per kilogram of ideal body weight, 20 to 30 grams of dietary 
fat plus essential vitamins and minerals (Bistrian, 1978). 
Liquid formula VLCDs consist of 50 to 80 grams of high 
quality protein derived from egg or milk sources; 30 to 100 
grams of carbohydrate, minimal fat (1-13 grams) and adequate 
vitamins and minerals (The Medical Letter, 1989). 
Individuals with a body mass index (BMI) greater than 30 
kg/m 2 are appropriate for VLCD treatments (Blackburn and 
Kanders, 1987). 
Balanced deficit diets (BDDs) generally provide 1000 to 
1200 kcal per day using a variety of whole foods from four 
food groups. The nutrient breakdown usually includes a high 
complex carbohydrate (>50%), moderate protein (15-20%), and 
low fat (<30%) diet (Council on Scientific Affairs, 1988). 
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Generally, after adjusting for initial body weight, 
composition and fat distribution, the rate of weight loss is 
a function of the magnitude of the energy deficit with 
smaller energy deficits producing slower rates of weight 
loss. Mathematical analysis shows that rate of weight loss 
is exponential, suggesting the loss rate is proportional(± 
20%) to weight itself and tends to diminish with time 
(Forbes, 1988). Taking dietary compliance into account, in 
severely obese subjects (BMI 30-40 kg/m 2), the VLCDs can 
result in an average weight loss of 1.5 to 2.0 kg per week 
(Wadden et al., 1983), while BDDs can result in an average 
weight loss of 1.0 to 1.5 kg per week (American Dietetics 
Association, 1990). 
Nutrient Composition. The nutritional adequacy of very 
low-calorie diets in the treatment of obesity has focused 
primarily on the ability of these diets to conserve body 
protein, the standard measure of which has been nitrogen 
balance (N-balance). Nitrogen balance reflects the status 
of body protein metabolism, with a negative N-balance 
suggesting net protein catabolism principally from muscle, 
connective tissue and gastrointestinal mucosa (Clark and 
Blackburn, 1985). Cumulative positive net N-balance or 
equilibrium is the goal during caloric restriction 
signifying protein sparing is occurring. 
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After adequate fluid and electrolyte intake to assure 
hydration, the quantity and quality of protein in a 
hypocaloric diet is the most significant nutrient effecting 
N-balance and thus the preservation LBM. A higher quantity 
of dietary protein is required to meet normal protein 
turnover requirements when caloric intake is below that 
required to maintain body weight (Hoffer et al., 1984). 
Cumulative N-balance is affected by the duration of 
underfeeding whereby N-loss decreases as the duration of 
caloric restriction is prolonged called adaptation to 
protein-sparing therapy (Bray, 1990). Also, previous diet 
influences N-loss such that low protein maintenance diets 
result in less N-loss when the caloric intake is reduced 
than if the previous diet was high in protein (Durrant, 
1980). 
In addition, other nutrients such as potassium, zinc, 
phosphorous, and magnesium have been shown to influence 
nitrogen balance (Fisler and Drenick, 1987). A nutrient 
dense VLCD liquid formula was used in this study (Table 1). 
Body Composition Considerations. Garrow (1987) has 
suggested that the minimal composition of excess weight of 
the obese is 75% fat and 25% LBM and thus the guidelines for 
composition of the weight lost should be similar. There is 
an obligatory loss of excess body protein mass that results 
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in a new LBM to fat mass ratio following weight loss 
(Kreitzman, 1989). 
Initial body fat status, body size and body fat 
distribution will affect the ratio of change in LBM to the 
change in weight loss. Investigations conducted four weeks 
or longer suggest that the contribution of LBM to the total 
weight loss is an inverse function of initial body fat 
content. The greater the initial body fat content a smaller 
contribution of LBM to total weight loss is found regardless 
of energy intake; and for any given value for body fat, as 
energy intakes increase (and hence decreasing energy 
deficits) the contribution of LBM to total weight loss 
progressively decreases (Forbes, 1988). 
In summary, the protein-sparing effect of caloric 
restriction is dependent on numerous factors with the 
magnitude of the energy deficit, the quality and quantity of 
protein and the presence of adequate vitamins, electrolytes, 
and minerals of critical importance (Fisler and Drenick, 
1987). Furthermore, initial body fat status (Forbes, 1988), 
magnitude of weight loss (Ballor 1990), body fat 
distribution and genotype are confounding variables that 
affect the ability of individuals to spare LBM during 
caloric restriction. 
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ENDURANCE EXERCISE 
General Description. Endurance exercise is the type of 
exercise typically added to caloric restriction. Endurance 
exercise is defined as any activity that uses large muscle 
groups, can be maintained continually, and is rhythmical and 
aerobic in nature (ACSM, 1990). The ACSM suggests that an 
endurance exercise threshold exists for weight and fat loss 
to occur which consists of a frequency of at least 3 days 
per week; a duration of at least 20 minutes; and an 
intensity sufficient to expend approximately 300 kcal per 
exercise session. Additional guidelines by the American 
Medical Association suggest that the exercise component 
added to caloric restriction be safe for the participating 
individuals, and promote increases in activity levels within 
the individuals existing life-style, fitness level, 
metabolic set-point and health status (Scientific Affairs 
Council 1988). 
Training Adaptations. Physiologic adaptations to 
chronic endurance exercise training are complex and include 
central, peripheral, structural and function changes 
(Astrand and Rodahl, 1986). These adaptations occur over 
time with a minimum of 10 to 20 weeks of training necessary 
for changes to occur. Initial levels of fitness effect the 
magnitude of adaptations with the greatest improvements seen 
in individuals with the lowest initial levels. Furthermore, 
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genotype is a determinant in an individual's response to 
exercise training (Poehlman et al., 1986). 
The endurance exercise training-induced response of the 
cardiorespiratory system is an improvement in the maximal 
work capacity. The index of work capacity is maximal oxygen 
consumption (V0 2 max), representing the maximal rate of 
delivery of oxygen from the lungs to the working tissues. 
Training can significantly increase vo2 max by improvements 
in respiration, central circulation and cardiac function, 
peripheral circulation, and skeletal muscle metabolism. 
Research suggests that a healthy individual can increase 
this 'aerobic' capacity (10-15%) with exercise training 
(Katch and McArdle, 1983). Obese individuals have shown 
improvement in aerobic capacity following an 11 week 
endurance exercise training program (Lennon et al. 1985). 
In concert with improvements of the cardiorespiratory 
system following endurance exercise training, adaptations in 
skeletal muscles, the autonomic nervous system, and in 
hormonal responses also occur. The adaptations of the 
skeletal muscle involve an increase in mitochondrial 
content, thereby increasing the capacity for aerobic 
metabolism. The autonomic nervous system and neuroendocrine 
adaptations to endurance exercise training include increased 
vagal tone at rest and a blunted catecholamine response to 
submaximal exercise (Deuster, 1989). 
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Body Composition Considerations. Physically active 
individuals tend to be leaner than sedentary individuals 
(Katch and McArdle, 1983). A higher lean to fat ratio is 
seen in the athletic population whereas, the obese have an 
increase in both LBM and fat mass associated with increased 
health risk of many chronic illness and a shorter lifespan 
(Surgeon General's Report, 1988). Wilmore (1983) reviewed 
55 exercise-training studies in normal and obese individuals 
and, overall, only small changes in body composition 
occurred. Factors that influence these outcomes include 
frequency, intensity, duration, and compliance to exercise 
training (ACSM 1990). 
In summary, chronic endurance exercise training results 
in adaptations important to the treatment of obesity which 
include improvements in the ratio of LBM to fat, changes in 
substrate oxidation favoring the use of fat, and enhanced 
psychological parameters. These adaptations are, however, 
dependent on the frequency, intensity, and duration of each 
exercise session as well as the duration of the training 
protocol. 
CALORIC RESTRICTION AND EXERCISE 
The combination of exercise and nutrient dense healthy, 
caloric restriction has been based on the hypothesis that 
exercise will accelerate fat loss preserve lean body mass 
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(LBM) and prevent or decelerate the decline in resting 
metabolic rate (RMR) more effectively than caloric 
restriction alone. The majority of studies employ a 
research design which compares fixed caloric restriction 
alone, of various adequate and inadequate composition, to 
caloric restriction in combination with various endurance 
exercise. The energy cost of exercise when combined with 
caloric restriction results in a greater energy deficit 
compared to the energy deficit created by caloric 
restriction alone. It is unclear if the variation in the 
magnitude of the deficit state created by these conditions 
contribution to the outcome of body weight partitioning. 
Secondly, if these various deficit states can be compared 
and finally, if the body adapts similarly to an energy 
deficit created by low versus very low caloric restriction, 
various exercise routines or some combination of the two. 
Endurance Exercise, Caloric Restriction and Body 
Composition. The additional energy cost of exercise when 
combined with caloric restriction has been shown to increase 
the loss of body weight and fat mass compared to diet alone. 
For example, Hagan et al. (1986) reported a significantly 
greater body weight loss in 48 obese males and females after 
a 12 week, 1200 kcal/day diet combined with exercise 
compared to diet alone (11.4 kg vs 8.4 kg in males; 7.5 kg 
vs 5.5 kg in females; p<.05). Exercise consisted of 5 days 
16 
per week of 30 minutes of walking or running. Exercise 
intensity was not reported. Body composition as measured by 
hydrostatic weighing showed for both males and females the 
weight lost as fat in the exercise plus diet group was 
significantly greater than in the diet only group (7.9 kg vs 
5.9 kg; p<.05). The energy cost of exercise was reported to 
create a 700 to 900 kcal/session deficit for the males and a 
500 to 600 kcal/session deficit for females. The authors 
suggested that this additional energy deficit created by 
exercise explained the difference in the loss of body weight 
and fat mass between groups. These results are consistent 
with those of Hill et al. (1989) who evaluated 40 obese 
females consuming an average of 1200 kcal/day diet with or 
without exercise over a 12 week period. Exercise consisted 
of a supervised walking program 5 times per week progressing 
from 20 to 50 minutes per session at an intensity of 70% 
maximum heart rate (HR max). Results showed that exercising 
groups lost significantly more body weight compared to non-
exercisers (8.6±0.9 kg vs 6.5±0.9 kg;p<0.5). Although the 
energy cost of exercise was not reported, body composition 
as measured by hydrostatic weighting showed for exercisers 
86% of the weight loss came from fat and 14% from LBM but 
for the non-exercisers 73% of the weight loss came from fat 
and 27% from LBM. 
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Similar body weight loss is found in some studies 
however, a greater proportion of fat mass loss and a 
preservation of LBM is found in exercise plus caloric 
restriction compared to caloric restriction only. Pavlou et 
al. (1985) investigated 72 obese males consuming an 1 average 
of 800 kcal/day with or without exercise over an 8 week 
period. Exercise was conducted 3 days per week and 
consisted of a walk/jog program progressing from 2.4 km to 
8.9 km at an intensity of 70 to 85% HR max. Body weight 
loss was not significantly different between the exercise 
and non-exercising groups (11.8±0.6 kg vs 9.2±0.3 kg). Body 
composition changes estimated by whole body potassium c4 °K) 
showed that LBM for the exercisers remained relatively 
unchanged (-0.6±0.9 kg), whereas the non-exercisers lost a 
significant amount of LBM (-3.3±1.0 kg). The composition of 
weight lost was 5% as LBM for the exercisers compared to 36% 
as LBM for the non-exercisers. The estimated energy cost of 
exercise was 12,000 kcal. 
In a metabolic ward study, Hill et al. (1987) 
investigated body composition changes as estimated by 
hydrostatic weighing in 8 obese females over 5 weeks 
consuming a 800 kcal/day diet. Five subjects participated 
in a daily progressive walking program (2.3 km/day to 5.7 
km/day) while 3 remained sedentary. Total body weight loss 
did not differ significantly between the groups (-8.2±0.7 kg 
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vs 8.0±1.2 kg) however, the exercisers lost 74% of their 
weight as fat and 26% as LBM whereas the non-exercisers lost 
57% of their weight from fat and 43% from LBM. The energy 
cost of exercise which was estimated to be 10,101±830 kcal 
accounted for the greater energy lost in the exercise group 
since, fat mass is more calorically dense than LBM. 
The above studies collectively show that the additional 
energy cost of exercise combined with caloric restriction 
results in a greater proportion of fat mass loss compared to 
caloric restriction alone. The lack of difference in total 
body weight loss found in some studies may be explained by 
the greater energy lost when a greater proportion of fat 
mass is lost, assuming 1 kg of adipose equals 7000 kcal and 
1 kg of LBM equals 900 kcal (Grande and Keys, 1980) 
In contrast, some studies report si~ilar loss of body 
weight, fat mass and LBM with exercise plus caloric 
restriction compared to caloric restriction alone. Phinney 
et al. (1988) investigated the use of a 720 kcal/day diet 
with 12 young obese subjects for a 4-5 week period with or 
without vigorous exercise. Exercise was conducted 5 days 
per week and consisted of a cycle ergometry protocol 
progressing from 30 minutes to 2 hours daily at an intensity 
of 50% vo2 max. Total body weight loss was not significant 
between the two groups (6.9±0.7 kg vs 6.5±0.7 kg). No 
differences were reported in average daily nitrogen balance 
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data between groups suggesting a similar proportion of LBM 
and thus loss of fat mass. The authors indicate that the 
cost of exercise should have resulted in an additional loss 
of 1 kg of fat mass during the first 3 weeks of the study 
protocol, however this was not observed. 
Krotkiewski et al. (1981) investigated 18 obese 
subjects following a 500 kcal/day diet for 3 weeks where 
subjects either exercised 3 days per week for 55 min/session 
using a variety of endurance exercises or they remained 
sedentary. Body weight loss between groups was not 
significantly different between the exercise and non-
exercise groups (6.8±2.6 kg vs 6.2±1.7 kg). Loss of LBM and 
fat mass as estimated by 4 °K total body potassium showed no 
differences between groups. The cost of exercise was 
estimated to be approximately 5000 kcal over the 3 week 
study period, too small of an increase to result in 
measurable different loss of body weight or fat mass 
compared to the nonexercisers. 
Van Dale et al. (1987) studied 12 obese women on a diet 
alone or on a diet plus exercise program. A 700 kcal/day 
diet was consumed for 5 weeks followed by a 820 kcal/day 
diet for 8 weeks. Exercise was conducted 4 days per week 
for 1 hour consisting of aerobic dance and calisthenics. No 
significant differences were found between the exercise and 
non-exercise groups in total body weight loss (13.2±1.5 kg 
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vs 12.2±4.7 kg). Body composition measured by hydrostatic 
weighing showed no significant differences in loss of LBM or 
fat mass. The cost of exercise was estimated at 11,520 kcal 
over the 3 month study protocol which was almost equivalent 
to the additional but non-significant 1.5 kg of fat - mass 
lost in the exercise group. 
The above findings demonstrate the inability of 
endurance exercise in combination with caloric restriction 
to produce a significantly greater loss of fat mass and a 
preservation of LBM compared to caloric restriction alone. 
The threshold deficit of exercise appears to be a 10,000 to 
15,000 kcal deficit for observing a measurable difference in 
body weight repartitioning between caloric restriction 
groups versus caloric restriction plus exercise groups. 
Possible Explanations for the Inconsistent Findings. 
Reasons for the discrepant findings in body composition 
changes during caloric restriction combined with exercise 
are not completely understood. Table 8 presents a summary 
of the studies reviewed. Methodological differences and/or 
flaws, lack of adequate documentation of both diet, exercise 
protocols and variation in familial differences in subjects 
make it difficult to interpret results. Inconsistencies may 
be a function of differences between studies in the 
following areas: 
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Magnitude of caloric restriction- The ability of 
exercise to elicit a positive effect on body composition 
during caloric restriction may be dependent on the level of 
caloric restriction with the effect of exercise diminishing 
as caloric restriction becomes more severe (Ballar et al. 
1988, Hill et al. 1987). With severe caloric restriction 
the protein content of the diet may be the most critical 
factor for preserving LBM (Hoffer et al. 1984). 
Duration of exercise training- Physiologic adaptations 
to endurance exercise such as improved cardiorespiratory 
function and increased skeletal muscle mitochondria occur 
over time. A minimum of 10 to 20 weeks of training may be 
necessary for changes to occur (ACSM, 1990) therefore, 
short-term studies may be limited in their ability to 
observe exercise training adaptations. These training 
adaptations could result in changes in substrate 
utilization. For example, endurance exercise after adequate 
adaptation (3-5 weeks) may preserve LBM by causing an 
increase in the oxidation of lipid which in turn would spare 
muscle glycogen stores and reduce the need to deaminate 
amino acids for synthesis of glycogen (Blackburn et al., 
1976, Ballar et al. 1990). 
Small sample size- A small sample size using varied 
anthropomorphic type subjects may increase the chance of 
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Type II statistical error .and thus significant differences 
would not be found. 
Heterogeneity of obesity- Morphological distinct 
subgroups of obesity may exist that respond differently to 
exercise. Individuals with hypertrophic obesity display a 
reduction in body fat mass following exercise whereas, those 
with hyperplastic obesity may show no change in body f~t 
mass with exercise (Bray, 1990). 
Initial body fat status- The large fat stores in obese 
individuals increases their ability to retain LBM during 
caloric restriction (Forbes, 19~8 and Wadden et al., 1990). 
Thus, it is important to take into account the degree of 
obesity when comparing results regarding preservation of LBM 
across weight loss studies. 
Distribution of body fat- Body fat distribution 
characterized as either gluteal-femoral or abdominal may 
influence the body weight repartitioning during weight loss 
(Krotkiewski et al., 1983). 
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Resistance Exercise, Caloric Restriction and Preservation of 
LBM: 
A relatively unexplored area of research concerns the 
effect of resistance type exercise on the preservation of 
LBM during caloric restriction. Ballar et al. (1988) 
studied obese females over an 8 week period where caloric 
intake was reduced from baseline by 1000 kcal/day (averaging 
1200 kcal/day). Weight training was conducted 3 times per 
week by one group while the other group remained sedentary. 
Comparisons between the diet only and diet plus weight 
training groups show that there was no significant 
difference between groups for body weight loss (4.47 kg vs 
3.89 kg). However, the diet plus weight training group 
significantly increased LBM compared to the diet only group 
(+0.43 kg vs -0.91 kg). 
In contrast, Lemons et al. (1989) reported a study 
where 60 obese subjects were placed on a 405 kcal-Jday diet 
for 8 weeks followed by an additional 8 weeks of 1500 
kcal/day diet. Subjects were divided into the following 
groups: 1) diet only; 2) diet and weight training; 3) diet 
and cycling; 4) diet and cycling for 6 weeks followed by 8 
weeks of weight training; 5) weight training only and 6) 
cycling only. The majority of weight loss occurred in the 
first 8 weeks during the 405 kcal/day diet with no 
significant changes noted in the second 8 weeks during the 
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1500 kcal/day diet. At 16 weeks weight loss and body 
composition changes were similar for all groups regardless 
of exercise participation. Donnelly et al. (in press) 
examined the effects of a 520 kcal/day diet and diet 
combined with endurance exercise only; weight training only; 
and both endurance and weight training over a 13 week period 
in 110 obese females. No significant differences between 
groups were found in body weight loss (mean 20 kg) or body 
composition changes as estimated by hydrostatic weighing. 
Similar contributions of fat mass (77 to 83%) and LBM (23 to 
17%) to total weight loss was also similar between groups. 
However, the authors suggest that the most favorable body 
composition changes were found in the group that combined 
endurance exercise and weight training with caloric 
restriction. 
Despite the failure to clearly demonstrate an 
independent effect of resistance type exercise to elicit a 
better preservation of LBM during caloric restriction it 
represents an area where more research is greatly needed. 
Severe caloric restriction may represent a major challenge 
for preservation of LBM via weight training. 
RESTING METABOLIC RATE 
Resting metabolic rate (RMR) constitutes 60 to 70% of 
total energy expenditure and is defined as the energy 
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expenditure required to maintain normal physiologic 
processes during rest in a post-absorptive state (Poehlman 
et al., 1990). Age, sex, body surface area (Harris and 
Benedict, 1919), nutritional state, exercise (Danforth, 
1983) and various thermogenic hormones (Bray and Atkinson, 
1977) have been shown to influence the variation in RMR. In 
addition, RMR has a strong genetic influence and a familial 
resemblance (Ravussin, 1988). The most meaningful data are 
obtained when RMR is normalized to FFW (Miller and Blyth, 
1953) . 
Evidence clearly shows that RMR declines with caloric 
restriction (Wadden et al., 1990) with the magnitude of this 
decline dependent on numerous factors. Short-term 
reductions in RMR are attributable primarily to the 
condition of caloric restriction and a greater decline in 
RMR is found as the severity of caloric restriction 
increases (Wadden et al. 1990). Smaller declines in RMR may 
be found if initial RMR levels that are abnormally low 
(Wadden et al., 1990). In addition, since fat free weight 
(FFW) has been established as the primary determinate of RMR 
(Miller and Blyth, 1953), changes in FFW affect the 
magnitude of the decline in RMR. However, under conditions 
of severe caloric restriction the decrease in RMR is greater 
than can be solely explained by changes in FFW (Keys, et al, 
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1950). Under such conditions, there appears to be an 
increased energy efficiency of the existing tissues. 
Acute and chronic exercise training has been reported 
to affect RMR and has been previously reviewed (Poehlman, 
1989). Both cross-sectional and exercise intervention 
studies has been used to examine the effect exercise on RMR. 
It appears that intense and prolonged exercise must be 
performed to significantly affect energy expenditure beyond 
the exercise period itself (Brehm and Galin, 1986). 
Comparing trained versus untrained individual it is likely 
that only highly trained individuals (V0 2max >60 ml*kg-
1•min-1) exhibit a higher RMR per kg of FFW (Poehlman et 
al., 1989). In addition, evidence suggest a genetic 
influence in the response of RMR to exercise training 
(Poehlman et al., 1986). 
The inclusion of exercise in weight loss programs has 
been based on the hypothesis that exercise may off-set the 
decline in RMR by its direct energy cost and indirectly by 
its potential to preserve LBM during caloric restriction. 
However, the response of RMR during a combination of caloric 
restriction and exercise is inconsistent. Studies report 
that exercise off-sets or has no effect on the diet-induced 
decline in RMR. Furthermore, during severe caloric 
restriction exercise does not appear to prevent the fall in 
RMR and in some cases may exacerbate it. 
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Resting Metabolic Rate, Caloric Restriction and 
Exercise. Some studies find a beneficial affect of exercise 
on the response of RMR during caloric restriction. For 
example, Nieman et al. (1988) examined 21 mildly obese women 
during _a 5 week, 1300 kcal/day diet with or without 
exercise. The exercise program was 5 times per week 
consisting of 45-min walk/jog sessions at 60% vo2 max. The 
two groups lost a similar amount of body weight. The 
exercise group showed a 6% increase in RMR (kcal/day) 
measured 48 hours post exercise, whereas no significant 
changes were noted for the nonexercising group. A 
significant correlation was found between percent changes in 
vo2 max and weekly RMR (r=0.56;p=0.0l). The results of this 
study suggest that the intensity of exercise may play a role 
in increasing RMR. 
Lennon et al. (1985) examined 75 obese subjects 
following 12 weeks of 1200 to 1800 kcal/day diet with or 
without exercise training. The exercise training consisted 
of either self-selected brisk walking or a prescribed 
jogging program. No significant differences were found in 
weight loss or body composition changes between groups. A 
significant correlation was found between the percent change 
in vo2 max and percent change in RMR (r=0.31,p<0.0l). 
Furthermore, the improvement in vo2 max was directly related 
to the exercise training intensity suggesting a threshold of 
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exercise intensity may be necessary to increase RMR. 
However, since vo2 max was expressed per kg of body weight 
the apparent increase in vo2 max may have been a function of 
weight loss. 
The type of exercise may also effect the response of 
RMR. For example, Lemons et al. (1989) found no significant 
differences in loss of body weight, fat mass or LBM in 60 
obese females during an 8 week 450 kcal/day diet followed by 
an 8 week 1500 kcal/day diet with or without exercise. 
Exercise consisted of various endurance type activities 
(walking/cycling) or weight training. The RMR per kg of FFW 
in the group combining caloric restriction and weight 
training was restored to 107% of the initial RMR by week 16 
despite a large body weight loss (>llkg). The results of 
this study suggest that weight training may represent an 
ideal exercise mode to enhance RMR per kg of FFW during 
caloric restriction. 
A combination of caloric restriction and exercise has 
also been shown to have no effect on RMR. Hammer et al. 
(1989) examined 26 obese women following an 800 kcal/day 
diet for 16 weeks with or without exercise. Exercise 
consisted of walking/jogging 5 days per week, progressing 
from 1.8 km/session to 4.8 km/session at an intensity of 
~60% HR max. Exercise groups had a greater loss of body 
weight than the nonexercise group however, relatively no 
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change in LBM as estimated by hydrostatic weighing occurred 
in either group. No change in RMR expressed as kcals/d or 
per kg of FFW was observed in either group. 
In contrast, some studies find similar reductions in 
RMR with a combination of caloric restriction and exercise 
compared to caloric restriction alone. Hill et al. (1987) 
reported that exercise exerted a favorable body composition 
change compared to caloric restriction only however, it did 
not prevent the decline (20%) in RMR. These results are 
consistent with those of Van Dale et al. (1989) where 
caloric restriction in combination with exercise exerted a 
positive effect on body composition changes compared to 
caloric restriction alone however, the decline in RMR was 
not prevented. 
Henson et al. (1987) using a cross-over design examined 
7 obese females during 9 weeks of an 800 kcal/d diet. 
During weeks 4-6 subject engaged in a 5 day per week 
exercise program consisting of 30 min of cycling at 70% V02 
max. Subjects lost an average of 9.5 kg. RMR per kg of FFW 
decreased 13% during the initial 3 weeks of caloric 
restriction only and remained decreased during the diet plus 
exercise period. 
Other studies find that the combination of exercise 
with a VLCD may actually accelerate the decline in RMR 
compared to caloric restriction alone. Heymsfield et al. 
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(1989) investigated the use of a 900 kcal/day diet in 12 
obese females over a 5 week period with or without exercise. 
Exercise consisted of supervised brisk walking increasing to 
5.6 km over the study period. The energy cost of exercise 
was approximately 345 kcal/day. Total weight loss between 
groups was similar however, the exercise g~oup lost more fat 
mass (5.3±1.0 kg vs 4.4±1.6 kg; p<.001) and less FFW 
(2.2±0.8 kg vs 2.6±0.6 kg; p<0.001) than the non-exercise 
group. RMR per kg of FFW decreased by 16% in the exercise 
group compared to a decrease of 8% in the non-exercise group 
(p<0.025). The authors suggest that the greater energy 
deficit of the combined diet and exercise group caused the 
greater decline in RMR. 
Phinney et al. (1988), also reported a greater decrease 
in RMR with exercise combined with caloric restriction 
compared to caloric restriction only. The study protocol 
has been described in the previous section. Results showed 
that resting oxygen consumption (ml/min) declined in both 
groups by 10% in the first week of dieting however, the 
exercising group showed a further reduction of 17% at the 
conclusion of the study. Furthermore, the addition of 
exercise was not shown to increase the loss of body weight 
or fat mass and did not exert any effect on the change in 
LBM. This study may suggest that during severe caloric 
restriction the addition of large quantities of exercise (2 
31 
hours daily) introduced over a short training period (4 
weeks) exacerbates the diet-induced decline in RMR. 
Possible Explanations for the Inconsistent Findings. 
Inconsistent changes in both the direction and the magnitude 
of RMR are found during a combination of caloric restriction 
and exercise. These discrepant results reflect short-term 
adaptations in RMR and may be a function of the differences 
between studies in the following areas: 
Magnitude of caloric restriction- The ability of 
exercise to have a positive influence on RMR may be lost 
with severe caloric restriction. Exercise may in fact 
contributes to the negative energy deficit created by 
caloric restriction which in turn may force the body to 
adapt by decreasing RMR to a greater extent than with 
caloric restriction alone. 
Changes in V02 max- A significant increase in vo2 max 
may be necessary to elicit a positive change in RMR during 
weight loss. The ability of exercise training to increase 
vo2 max is a function of intensity, duration and frequency 
of exercise as well as the duration of exercise training and 
initial fitness level. 
Timing of RMR measurement- It is possible that the 
last exercise bout may have an effect on RMR and therefore 
the measurement of RMR should be at least 24 to 36 hours 
after the last bout of exercise. 
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Genetic determinants- Body surface areas, various 
thermogenic hormones, age and gender may compound analysis. 
To date the literature examining combinations of 
caloric restriction and exercise remains plagued with 
discrepancies. Inadequate documentation of exercise and/or 
diet protocols, the use of numerous exercise and diet 
combinations, various experimental designs and the lack of 
consideration for confounding variables as well as 
measurement error contribute to our inability to determine 
an optimal exercise-diet combination. 
Regardless of the current inadequacies, it appears that 
the benefits derived from exerci~e diminish as the severity 
of the caloric restriction increases, particularly to semi-
starvation. This is seen in the body's ability to loss 
weight, spare LBM and defend RMR. These findings may be a 
function of the magnitude of the energy deficit. During 
severe caloric restriction adding endurance exercise may 
contribute to a negative energy deficit and, thereby, 
causing more extreme adaptations than with caloric 
restriction alone. 
Although in need of further investigation of mechanisms 
and rationale, a combination of resistance training and 
caloric restriction may prove to be an optimal combination 
to derive body composition and RMR benefits during severe 
weight loss. Since resistance type exercise is a relatively 
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low energy cost activity it would not significantly 
contribute to the energy deficit created by caloric 
restriction and this would overcome the observations of 
Phinney et al. (1988). Furthermore, weight training may 
have a greater potential to spare LBM compared to endurance 
exercise during weight loss. 
It appears warranted that the relationships between 
endurance exercise, resistance exercise and caloric 
restriction should be explored further. 
METHODS AND PROCEDURES 
METHODS AND PROCEDURES 
EXPERIMENTAL DESIGN 
Subject Selection. Twenty-three pre-menopausal females 
between the ages of 25 and 45 whose initial body weights 
were 140-160% of Ideal Body Weight (1959 Metropolitan Life 
Insurance Company Tables), with a body mass index (BMI) 
between 30 and 40, were recruited for the study. Before 
treatment each underwent a medical evaluation, including a 
physical examination, weight and medical history, an 
electrocardiogram, a complete blood count, biochemical 
profile, and tests of thyroid function. Exclusion criteria 
included an acute or chronic disease state, any significant 
kidney disease as evidenced by serum creatinine > 2 mg/dl, 
any significant hepatic insufficiency as evidenced by an 
elevation in serum bilirubin or active hepatitis, any active 
psychiatric treatment requiring major drug therapy, or any 
history of psychiatric disease that required 
hospitalization, any cardiac disease in which orthostatic 
hypotension would contraindicate the use of a very low-
calorie (800 kcal/day) diet, or any other cardiac problems 
that contraindicate the use of a very low-calorie diet 
(myocardial infarction within the previous six months, 
second- or third-degree AV blocks, or significant 
ventricular ectopy), any regular use of systemic steroids, 
thyroid hormone preparation, insulin, anti-anginal drugs, 
35 
anti-hypertensive drugs, tranquilizers, anti-anxiety drugs, 
or muscle relaxants, pregnancy or lactation, any limited 
physical mobility, any treatment with any investigational 
medication within 30 days of screening, or a current smoker. 
Each subject was given an oral and written explanation 
of the study and possible risks and benefits involved and 
signed an informed consent. This study was approved by the 
New England Deaconess Hospital Institutional Review Board 
and the Northeastern University Human Subjects Review 
Committee {Appendix I). 
Each subject was randomly assigned to one of three 
treatment groups. Seven subjects comprised the control 
group of diet only with no supervised exercise {DO); eight 
subjects comprised an experimental group of diet plus 200 
minutes per week of supervised exercise (D200); and eight 
subjects comprised an experimental group of diet plus 400 
minutes per week of supervised exercise (D400). The study 
protocol consisted of a three weeks of screening and 
baseline testing followed by a weight loss phase of 12 
weeks. Supervised exercise was carried out for 12 weeks for 
the two exercise groups. With the exception of the amount 
of supervised exercise, the subjects in all three groups 
were treated identically. 
Dietary Intervention. Prior to treatment subjects were 
asked to record their food and liquid intake for a 3-day 
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period to assess baseline caloric and nutrient intake. 
Subjects were then placed on a 1,000 calorie balanced 
deficit diet for one week to allow for weight loss diuresis. 
The 1,000 kcal/day diet was an exchange type diet derived 
from the American Diabetes Association Exchange Lists (ADA, 
1986). It consisted of 49% carbohydrate, 27% protein, and 
24% fat. Following this one-week balanced deficit diet, 
each subject was placed on a liquid formula very low-calorie 
diet (VLCD) for the 12-week weight-loss phase (Table 1). 
The VLCD provided 800 kcal/day, which included 100 grams of 
carbohydrates, 70 grams of protein, and 13 grams of fat 
(Optifast 800, Sandoz Nutrition, Minneapolis, MN). The 
mineral and vitamin content of the VLCD formula was adequate 
to meet or exceed the RDA for these nutrients. Subjects 
were instructed to consume at least two liters of non-
caloric beverages daily. 
Each treatment group attended a behavior modification 
class once a week during the 12 week weight loss phase. The 
group education classes included nutrition education and 
behavior modification techniques to ensure compliance to the 
dietary protocol. The classes were 45 minutes to one hour 
in length and were led by the same trained behaviorist. All 
treatment groups were treated identically with regards to 
the education classes. No discussion of exercise was 
conducted during the behavior classes. Subjects were 
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instructed to complete and submit dietary records on a 
weekly basis. 
Exercise Program. Subjects randomized into the two 
diet plus exercise groups (D200 and D400) participated in a 
supervised walking and weight training exercise program held 
from 6 a.m. to 9 a.m. at the Northeastern University indoor 
track facility. The D200 group participated in the 
supervised exercise program three days per week (Monday, 
Wednesday and Friday) and the D400 group participated in the 
supervised exercise program five days per week (Monday-
Friday). The progression of the brisk walking protocol was 
defined by minutes per week of walking. The D200 group 
attained a duration of 200 min/wk by week 8 and maintained 
this level for the remainder of the study (Appendix II) 
whereas the D400 group attained a duration of 400 min/wk by 
week 8 and maintain this level for the remainder of the 
study (Appendix III). The intensity of the brisk walking 
was 50-65% of peak or maximal vo2 as determined from the 
graded exercise test. The heart rates that corresponded to 
50-65% vo2 max or peak were used during the exercise 
sessions. Exercise heart rates were monitored and recorded 
by the subject and routinely checked by the exercise 
supervisors to ensure maintenance of exercise intensity and 
walking progression. 
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Both exercise groups did weight training under 
supervision three days per week (Monday, Wednesday and 
Friday). The weight training routine using a Universal Gym 
included: bench press, lateral pull-down, knee extension and 
knee flexion. Bent-knee sit-ups were also performed. The 
progressive weight training protocol was for 2-3 sets, 6-8 
repetitions (reps) per session at an intensity of 70-80% 1-
repetition max (lRM) (Appendix II and III). 
Exercise records were kept for each subject to monitor 
progression of the brisk walking and strengthening 
protocols. 
Unsupervised purposeful exercise was also recorded by 
all subjects in a daily log. Subjects randomized into the 
DO group were discouraged from participating in any 
purposeful exercise during the study period. 
Medical Monitoring. All subjects were monitored once a 
week during the study period by a qualified physician. 
Weight and blood pressure was checked as well as any signs 
and symptoms of adverse conditions related to the diet or 
exercise protocol. In addition, blood was drawn at baseline 
and weeks 2, 8, and 12 for sodium, potassium, chloride, and 
carbon dioxide, glucose, blood urea nitrogen, creatinine, 
total bilirubin, aspartate aminotransferase or alanine 
aminotransferase or gamma glutamyl transferase, alkaline 
phosphatase, calcium, phosphorus, uric acid, cholesterol, 
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high density lipoproteins, and low density lipoproteins. In 
addition to the above a complete blood count was assessed. 
TESTING PROCEDURES 
Height and Weight. Height was measured to the nearest 
0.5 cm at baseline by use of a wall mounted statometer and 
body weight was measured to the nearest 0.5 lb once a week 
on a balance scale. 
Waist to Hip Ratio. Waist and hip circumference was 
determined as described by Lohman et al., (1988) using a 
non-elastic tape while the subject stood erect with the 
abdomen relaxed, the arms at the sides and the feet 
together. The waist circumference was measured with the 
tape placed in a horizontal plane at the narrowest part of 
the torso. Hip (buttocks) circumference was measured with 
the tape placed in a horizontal plane at the level of 
maximum extension of the buttocks. The waist and hip 
circumference was recorded to the nearest 0.1 cm and 
measured at baseline and week 12. 
Resting Metabolic Rate. Resting metabolic rate (RMR) 
was measured by indirect calorimetry with use of a 
ventilated canopy method. Subjects were asked to report to 
the laboratory between 6:00 and 10:00 a.m. after a 12 hour 
fast and without engaging in purposeful exercise for at 
least 24 hours. Subjects rested quietly in a supine 
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position while their head was covered with a transparent 
plastic canopy for a JO-minute adjustment period. 
Measurements of oxygen consumption (VO2 ), carbon dioxide 
production (Vco 2 ) and respiratory quotient (RQ) were then 
taken at 1-minute intervals until a steady-state condition 
was achieved (usually 15 min). Ventilation and expired 
oxygen (02) and carbon dioxide (CO2 ) were measured by a 
metabolic cart (DeltaTrac, SensorMedics, Anaheim, CA). RMR 
was then automatically calculated according to the 
abbreviated Weir formula (Weir, 1949): 
RMR (kcal/24 hrs) = 5.466 vo 2 (ml/min) + 1.748 vco 2 (ml/min) 
RMR was measured at baseline and week 12. 
Body Composition. Body composition was estimated by 
underwater weighing at residual volume, a body densitometry 
technique. Body density was derived from body weight 
divided by body volume. Based on Archimedes' principle, 
body volume is correlated to the loss of weight in water. 
The volume of water displaced is affected by three factors: 
the density of the body; water density and; residual volume 
in the lungs. To account for the density of the body an 
assumption is made that lean body mass equals 1.1 g/cc and 
fat mass equals 0.9 g/cc. A temperature correction for 
water density is made since as water temperature increase 
water density decreases. The volume of air in the lungs 
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after full expiration is subtracted from the body volume 
calculations to account for the residual lung volume. 
To apply these principles subjects were submerged in a 
stainless steel tank 5 feet by 5 feet by 3 feet while seated 
on a light plastic chair suspended from a calibrated 
Chatillion 6 kg scale. Submerged subjects made a forced 
maximal exhalation and after stabilization the underwater 
weight was recorded to the nearest 50 grams. Measurements 
were repeated ten times with the three heaviest readings(± 
50 grams) averaged. Water temperature and tare weight were 
recorded before each set of trials. A 15 pound lead weight 
was placed on the tare to maintain negative buoyancy. 
Relevant data was applied to the following equation to 
estimate body density: 
Body Density= Ma (kg) 
Ma(kg)-Mw(kg) 
Ow 
Where: Ma= Body weight in air 
Mw =Bodyweight in water 
Ow= Water density factor 
RV= Residual volume in lungs 
RV 
The Siri equation (Siri, 1956) was used to obtain percent 
body fat: Percent Body Fat= 495/density - 450. 
This equation assumes that lean body mass= 1.1 g/cc and fat 
= 0.9 g/cc. 
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Residual lung volume was determined by the nitrogen 
washout technique (Wilmore, 1969) using a metabolic cart 
(MMC Horizons Systems 4400, SensorMedics, Anaheim, CA). The 
nitrogen wash-out procedures requires the subject to breathe 
100% oxygen for several minutes until N2 gas in the lungs 
was "washed out". A maximal expiration was made by the 
subject and the exhaled gas was monitored continuously with 
a digital volume transducer and measured for volume. 
Multiple trials were obtained until two trials were within 
50 ml; then averages of these two trials were used as the 
residual volume. 
Aerobic Functional Capacity. A grade~ exercise test on 
a motor-driven treadmill (Quinton Q60, Seattle, Washington) 
was performed to measure functional aerobic capacity. 
Continuous ECG monitoring (Quinton Q400) to determine rate 
and rhythm and simultaneous measurements of blood pressure 
were taken during the test by a physician and trained 
exercise physiologist. A modified Balke treadmill protocol 
was used, in which the speed of the treadmill remained 
constant at 80.4 m/min and the slope was gradually increased 
by 1.25% at one-minute intervals following an initial stage 
of 40.2 m/min at 0% grade for 2 minutes. Expired gas volume 
(VE) was measured continuously, breath-by-breath, by a 
turbine technique and averaged each 30 seconds to determine 
minute ventilation (VE) by a metabolic measurement cart (MMC 
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Horizons System 4400, SensorMedics, Anaheim, CA). The gas 
exchange kinetics of oxygen consumption (V02), carbon 
dioxide production (VC02 ), and respiratory gas exchange 
ratio (RER) were determined continuously by breath-by-breath 
and averaged every 30 seconds by standard open circuit 
indirect calorimetry. 
The American College of Sports Medicine guidelines for 
a symptom-limited maximal testing protocol were followed 
(ACSM, 1986). The criteria for vo2 max were a respiratory 
quotient >1.1 and a plateauing (<50 ml/min) of oxygen 
consumption in two successive increases in one-minute 
stages. Peak vo2 was taken as the highest vo2 attained 
during the maximum test in the absence of the criteria for a 
vo2 max test. 
Aerobic functional capacity was assessed at baseline and 
week 12. 
Muscular Strength. One-repetition maximum (lRM) bench 
press, lateral pull-down, knee extension, and knee flexions 
were performed. The lRM tests required subjects to lift 
increasingly heavier weights until reaching a weight they 
were unable to raise. Subjects began with a weight they 
could easily lift and increased until a maximal weight was 
reached. After a short rest, the subjects again tried the 
failed weight. The last successfully lifted weight was 
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taken as the lRM. strength was assessed at baseline and 
week 12. 
STATISTICAL ANALYSES: 
The analyses were based on 23 subjects except for the 
aerobic capacity test and muscular strength test which was 
based on 21 subjects. Baseline and week 12 was collected 
and change scores from baseline to week 12 were computed. 
The change scores were computed by subtracting the baseline 
observation from the week 12 observation, so that the 
resulting score would have a positive sign if there was an 
increase over time and a negative sign if there was a 
decrease over time. The significance level was set at 0.05. 
Data was analyzed by treatment group using analysis of 
variance (ANOVA) followed by Bonferroni test for 
significance on baseline, week 12 and change scores. A 
Kruskal-Wallis one-way ANOVA test was performed when 
standard deviation ratios were greater than 2. 
Linear regression models were used to determine the 
relationship between exercise and outcome variables. Linear 
models were also used to control for baseline factors in the 
testing for treatment differences in the regression of RMR 
and weight outcomes. 
RESULTS 
RESULTS 
Descriptive Characteristics. Descriptive 
characteristics of the groups are presented in Table 2. 
Results are expressed as mean± standard deviation. No 
significant differences among groups were found for the 
following baseline mean values: age; height; initial body 
weight; body mass index (kg/m 2 ); percent body fat; RMR 
(kcal*d-l*kgLBM- 1 ); vo2 max (ml*kgLBM-l*min- 1 ); and, waist 
to hip ratio (WHR). 
Dietary Compliance. Dietary compliance was ascertained 
on a weekly basis by the research physician, by dietary 
records kept by each subject, and verbal reporting by 
subjects. Subjects were ranked dependent on the number of 
dietary deviations ascertained with high compliance, defined 
as 0-2 dietary deviations; moderate compliance, defined as 
3-5 dietary deviations; and, low compliance, defined as >5 
dietary deviations. Consuming whole food, or consuming less 
or greater than five packets of the liquid formula was 
considered a dietary deviation. Dietary compliance was not 
significantly different among groups (p=0.339). 
Exercise Compliance. All subjects reported no 
participation in purposeful exercise at baseline. The DO 
group remained sedentary (0 min/wk) during the entire study 
period. Consistent with study protocol requirements, there 
was a change from baseline to week 12 in the minutes per 
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week (min/wk) of endurance exercise in the 0200 group and 
the 0400 group (Table 3). The 0200 group exercised a total 
of 1829.4±369 minutes which progressively increased from an 
average of 90.0±0 min/wk during week 1 to an average of 
182.2±41 min/wk (range 122.5 to 250 min/wk) of endurance 
exercise during weeks 9 to 12. The 0400 group exercised a 
total of 3055.6±386 minutes which progressively increased 
from an average of 138.8±22 min/wk during week 1 to an 
average of 361.9±46 min/wk (range 300 to 420 min/wk) of 
endurance exercise during weeks 9 to 12. A significant 
difference in total minutes and min/wk of exercise between 
the D200 group and D400 group (p=0.000) was found. 
Attendance at the supervised exercise sessions showed 
on average the 0200 group attended 32 of 36 supervised 
exercise sessions, a 90.0±10% attendance; on average the 
D400 group attended 52 of 60 supervised exercise sessions, 
an 86.9±8% attendance. No significant difference was found 
between the D200 and D400 groups for exercise attendance 
(p=0.522). 
Body Mass Index. All groups showed a significant 
(p=0.000) decrease in BMI (kg/m 2 ) from baseline to week 12. 
BMI decreases by 4.66±0.9 units (kg/m 2 ) in the DO group; by 
5.99±1.5 units (kg/m 2 ) in the D200 group; and, in the 0400 
group by 7.1±1.4 units (kg/m 2 ) from baseline to week 12. 
Results of ANOVA found significant differences among groups 
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for the change from baseline to week 12 in BMI (p=0.006). A 
Bonferroni adjusted Student t-test found the decrease in BMI 
for the D400 group was significantly greater than the DO 
group (p=0.002). 
Waist to Hip Ratio (WHR). A significant (p=0.03) 
decrease in WHR (-0.028±0.03) was found in the DO group. No 
significant decrease in WHR was found in the D200 or D400 
group {p=0.114 and p=0.064, respectively). No significant 
differences were found between groups in the change in WHR 
from baseline to week 12 (p=0.714). 
Body Composition Measures. Body composition values 
(mean± SD) for baseline, week 12, and changes from baseline 
to week 12 are presented in Table 4. 
All groups showed a significant decreases from baseline 
to week 12 in body weight, percent body fat, fat mass, and 
lean body mass. The mean change from baseline to week 12 in 
body weight for the DO group was -13.1±2.4 kg (p=0.000), a 
14.2±3.6% ·loss of initial body weight; the D200 group lost 
15.8±4.2 kg (p=0.000), a 16.3±3.8% loss of initial body 
weight; and the D400 group lost 19.6±4.2 kg (p=0.000), a 
20.2±3.2% loss of initial body weight. 
All groups showed significant (p=0.000) decreases in 
percent body fat from baseline to week 12. Percent body fat 
decreased in the DO group, 4.5±3.1%; D200 group, 7.1±2.9%; 
and D400 group, 9.3±3.7%. 
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The mean change from baseline to week 12 in fat mass 
for the DO group was -9.3±3.1 kg (p=0.000), a 69.2±13.6% 
contribution of fat to total weight loss; the D200 group 
lost -12.9±3.8 kg of fat (p=0.000), a 81.5±8.4% contribution 
of fat to total weight loss; the D400 group lost -15.7±4.5 
kg of fat (p=0.000), a 79.3±11.8% contribution of fat to 
total weight loss. 
The mean change in baseline to week 12 in LBM for the 
DO group was -3.8±1.4 kg (p=0.000), a 30.8±13.6% 
contribution of lean weight to total weight loss; the D200 
group lost -2.9±1.3 kg of LBM (p=0.000), a 18.5±8.4% 
contribution of lean weight to total weight loss; the D400 
group lost 3.9±2-4 kg of LBM (p=0.000) a 20.7±11.8% 
contribution of lean weight to total weight loss. 
The results of ANOVA showed significant differences 
among groups for changes from baseline to week 12 in 
absolute weight loss (p=0.01), percent weight lost 
(p=0.012), percent body fat (p=0.035), and fat mass 
(p=0.016). No significant differences were found among 
groups for changes from baseline to week 12 in LBM 
(p=0.458), the percent weight lost as fat (p=0.113), and the 
percent weight lost as LBM (p=0.113). 
The Bonferronni adjusted Student t-test showed the 
absolute change in body weight for the D400 group was 
significant greater than DO group (p=0.003). The percent 
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weight lost by the D400 group was significantly greater than 
the DO group (p=0.005). The change in percent body fat by 
the D400 group was significantly greater than the DO group 
(p=0.019). The D400 group lost significantly more fat mass 
than the DO group (p=0.008). 
Although the contribution of weight lost as fat and as 
LBM was similar among groups, changes at week 12 showed the 
D200 group with the greatest contribution of fat mass 
(81.5±8.4%) and the smallest contribution of LBM (18.5±8.4%) 
to total weight loss. 
Linear models were used to determine the amount of 
variance in weight and body composition changes from 
baseline to week 12 explained by exercise. Figures 1-4 
illustrate that, a greater weight loss, a greater percent 
weight loss, a greater decrease in percent body fat and 
greater decreases in fat mass are associated with minutes 
per week of study specific moderate intensity (50-65% HRR) 
exercise. 
Figure 1 indicates that the mean min/wk of exercise 
during weeks 9 through 12 accounted for 45.6% of the change 
in weight (p=O.OOl;r=.676). Figure 2 indicates that 43.2% 
of the variation in% weight loss was explained by min/wk of 
exercise (p=O.OOl;r=.657). Figure 3 indicates that 37.8% of 
the decrease in% body fat was explained by min/wk of 
exercise (p=0.002;r=.615). Figure 4 indicates that 45.0% of 
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the decrease in fat mass was explained by min/wk of exercise 
(p=O.OOl;r=.671). 
In summary, the models indicated that a loss of one kg 
of body weight or fat mass was associated with an additional 
50 min/wk of exercise; a one percent weight loss wa's 
associated with an additional 55 min/wk of exercise; and a 
one percent change in% body fat was associated with an 
additional 67 min/wk of exercise. 
Figure 5 indicates that no relationship was found 
between loss of LBM and min/wk of exercise (r=0.013; 
r2=0.000;p=0.953). 
Additional step-wise regression analyses were conducted 
to determine if initial body fat(%), baseline LBM (kg) and 
magnitude of weight loss were related to changes in LBM. No 
significant relationship was found between change in LBM and 
baseline LBM (p=0.083) or magnitude of weight loss 
(p=0.534). Initial body fat status was explained 15.5% of 
the variance in the LBM change from baseline to week 12 
(r=0.394,p=0.063). 
Resting Metabolic Rate. Resting metabolic rate values 
(mean± SD) for baseline, week 12, and change from baseline 
to week 12 are presented in Table 5. The DO group showed a 
significant decrease of 221.43±69.6 kcal/day (p=0.000), a 
13.67±3.8% decrease; the D200 group showed a non-significant 
decrease of 173.75±245.9 kcal/day (p=0.086), a 10.0±12.2% 
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decrease; and the D400 group showed a significant decrease 
of 293+127.2 kcal/day (p=0.000), a 17.49±6.2% decrease. 
The DO group showed a non-significant increase in RMR 
of 0.12±1.2 kcal*kg- 1•d-l (p=0.796), an increase of 
0.64±6.6%; the D200 group showed a non-significant increase 
in RMR of 1.0±3.0 kcal*kg- 1 •d-l (p=0.379), an increase of 
7.7±15.6%; and the D400 group showed a non-significant 
increase in RMR of 0.58±1.4 kcal*kg- 1 •d-l (p=0.294), an 
increase of 3.5±8.1%. 
The mean change from baseline to week 12 in RMR 
expressed as kcal*kgLBM- 1•d-l showed a significant decrease 
in the DO (2.15±0.9; p=0.001), a decrease of 6.9±2.8% and 
the D400 group (3.51±2.4; p=0.004), a decrease of 11.1±7.5% 
and a non-significant decrease in the D200 group (1.75±4.6; 
p=0.319), a decrease of 4.7±13%. 
The results of the Kruskal-Wallace test showed no 
significant differences among groups for baseline, week 12 
and absolute and percent changes from baseline to week 12 
for RMR expressed as kcal/day (p=0.879, p=0.588, p=0.163, 
p=0.266; respectively); kcal*kg- 1 •d-l (p=0.740, p=0.497, 
p=0.389, p=0.350); or kcal*kgLBM-l*d-l (p=0.755, p=0.440, 
p=0.383, p=0.266). 
Linear models indicated, that at baseline LBM accounted 
for 35% of the variance in RMR kcal/d (r=0.589, p=0.003); 
and, at week 12, LBM accounted for 33% of the variance in 
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RMR kcal/d (r=0.575, p=0.004). The residuals from the 
regression lines were examined to determine if the 
unaccounted variance was due to measurement error or 
intersubject variability. The correlation of the residuals 
from the first equation with residuals of the second 
equation showed a linear relationship (r=0.471, p=0.023) and 
suggest that deviations from regression line reflect stable 
individual differences and not merely r~ndom error. 
No association was found between the change in LBM 
(p=0.402), change in fat (p=0.777), or magnitude of body 
weight loss (p=0.716) with change in RMR from baseline to 
week 12. 
Aerobic Functional Capacity. The values (mean± SD) 
for aerobic functional capacity at baseline, week 12, and 
change from baseline to week 12 for vo2 max are presented in 
Table 6. The absolute vo2 max (ml/min) did not change 
significantly from baseline to week 12 for the DO group (-
37.3±151 ml/min;-1.4±9.5%); for the D200 group (-79.0±182; -
3.0±7.3%); or for the D400 group (47.8±241; 2.6±11%). The 
relative vo2 max (ml/kg/min) increased significantly from 
baseline to week 12 for the DO group by 3.53±2.41 ml*kg-
1*min-1 (p=0.016), a 17.18±12.64% increase; for the D200 
group by 3.47±2.60 ml*kg- 1 *min-l (p=0.012), a 16.75±13.05% 
increase and for the D400 group by 6.41±2.66 ml*kg- 1*min-l 
(p=0.000), a 28.93±14.07% increase. The VO2 max expressed 
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per kg of LBM showed no significant change from baseline to 
week 12 for the DO group (2.4±3.7 ml/kgLBM/min; 6.73±11%; 
p=0.177) or the D200 group (0.8±3.3 ml/kgLBM/min; 2.6±8.6%; 
p=0.547) and approached significance in the D400 group 
(3.99+4.9 ml/kgLBM/min; 10.6±12%; p=0.053). 
The results of ANOVA showed no significant differences 
among groups at baseline for vo2 max regardless of 
expression (ml*min,p=0.325; ml*kg- 1*min,p=0.266; and 
ml*kgLBM-l*min- 1 ,p=0.207). The results of ANOVA showed 
significant difference was found among groups at week 12, 
for vo2 max per kg of body weight (p=0.022) and per kg of 
LBM (p=0.033). A Mann Whitney U test showed the D400 group 
had a significantly higher vo2 max per kg of body weight 
compared to the D200 group (p=0.013) and DO group (p=0.045) 
at week 12 and a significantly higher vo2 per kg of LBM 
compared to the D200 group (p=0.021) and approached 
significance compared to the DO group (p=0.053) at week 12. 
No significant difference were found in changes in 
absolute vo2 max (p=0.592) and expressed per kg of LBM 
(p=0.478). The change in vo2 max per kg of total weight 
from baseline to week 12 approached significance (p=0.066). 
Muscular Strength Changes. The mean baseline, week 12, 
and change from baseline to week 12 for 1-RM strength tests 
are presented in Table 7. Results of ANOVA found no 
significant differences among groups for the mean baseline 
54 
1-RM strength tests. The DO group showed a significant 
decrease in the bench press (-3.79±1.9 kg;p=0.004) and no 
significant changes were seen in the 1-RM for lateral pull-
down (-5.3±5.3 kg;p=0.058); knee extension (+3.79±9.7 
kg;p=0.383); or knee flexion (+1.52±4.7 kg;p=0.465) .. The 
D200 group showed a significant increase in the 1-RM for the 
lateral pull-down (+4.5±3.7; p=0.018) and knee flexion 
(+3.25±3.4 kg; p=0.047). Non-significant increases were 
found for the 1-RM bench (+0.65±4.1 kg; p=0.689) and knee 
extension (+3.9±6.1 kg; p=0.143) for the D200 group. The 
D400 group showed a significant decrease in 1-RM bench {-
2.84±2.4 kg; p=0.011) and a significant increase in knee 
extension {+6.25±6.4 kg;p=0.028). Non-significant increases 
were found for the lateral pull-down {0.0±5.6 kg; p=l.O) and 
knee flexion (+2.84±4.8 kg; p=0.14). 
The results of ANOVA found significant differences 
among groups for the change from baseline to week 12 in 1-RM 
for the bench (p=0.031) and lateral pull-down {p=0.010). No 
significant differences were found for 1-RM changes from 
baseline to week 12 in the knee extension {p=0.772) and knee 
flexion (p=0.764) among groups. The Bonferroni adjusted 
Student t-test showed the increase in the 1-RM bench for the 
D200 group was significantly different from the decrease in 
the 1-RM for the DO group (p=0.017). The 1-RM increase in 
the lateral pull-down for the D200 group was significantly 
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different from the decrease in the 1-RM for the DO group 
(p=0.002). 
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TABLE 1 
Nutrient Breakdown Optifast 800 
Per Packet Per 5 Packets 
Calories 160 800 
Protein (g) 14 70 
Carbohydrate (g) 20 100 
Fat (g) 3 13 
Sodium (mg) 230 1150 
Potassium (mg) 470 2350 
%RDA %RDA 
Protein 30 150 
Vitamin A 20 100 
Vitainin C 30 150 
Thiamine . 30 150 
Riboflavin 30 150 
Niacin 20 100 
Calcium 20 100 
Iron 20 100 
Vitamin D 20 100 
Vitamin E 30 100 
Vitamin B6 20 150 
Folic acid 20 100 
Vitamin B12 20 100 
Phosphorus 20 100 
Iodine 20 100 
Magnesium 20 100 
Zinc 20 100 
Copper 20 100 
Biotin 20 100 
Pantothenic acid 20 100 
No U.S. RDA established 
Vitamin K (mcg) 20 100 
Chloride (g) 0.4 2.0 
Choline (mg) 20 100 
Manganese (mg) 0.8 4.0 
Selenium (mcg) 30 150 
Chromium (mcg) 30 150 
Molybdenum (mcg) 60 600 
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TABLE 2 
BASELINE CHARACTERISTICS 
X + S.D. 
Group DO D200 D400 
(n=7) (n=8) (n=8) 
Age (yr) 39.3±3.5 38.9±6.6 36.J.±4.3 
Height (cm) 166.2±5.5 163.8±6.8 165.3±6.0 
Weight (kg) 93.9±13.2 96.7±13.0 96.6±11.9 
BMI (kg/m 2 ) 33.9±3.7 36.0±4.2 35.4±4.6 
% Body Fat 43.6±3.8 45.8±4.2 43.5±6.1 
WHR* 0.81±.04 0.81±.07 0.81±.07 
vo2 max 36.7±3.5 38.3±4.0 40.3±3.8 (ml/kgLBM/min) 
RMR 30.7±2.7 32.0±3.8 30.7±3.8 
(kcal/kgLBM/d) 
* waist to hip ratio 
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TABLE 3 
PROGRESSION OF ENDURANCE EXERCISE 
MIN/WK X + S.D. 
D200 D400 
Week (n=8) (n=8) 
1 90.0±0 (90) 138.8±22 (150) 
2 100.6±34 (105) 165.0±57 (175) 
3 120.6±44 (120) 180.0±37 (200) 
4 138.8±32 (135) 196.3±40 (225) 
5 152.5±7 (150) 216.3±39 (250) 
6 165.0±29 (165) 249.4±37 (275) 
7 152.5±82 (180) 207.5±111(300) 
8 180.6±48 (195) 255.0±136(350) 
9-12 182.2±41 (205) 361.9±46 (400) 
GROUP 
DO (n=7) 
Baseline 
Week 12 
Change 
D200 (n=8) 
Baseline 
Week 12 
Change 
D400 (n=8) 
Baseline 
Week 12 
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TABLE 4 
BODY COMPOSITION 
X + S.D. 
Weight 
(kg) 
93.9±13.3 
80.8±14.1 
-13.1±2.4# 
(14.3±3.6%) 
96.7±13.2 
80.9±11.4 
-15.8±4.2# 
(16.3±3.9%) 
96. 6±11. 9 
77.0±9.3 
Fat 
(%) 
43.5±3.8 
39.1±5.1 
-4.5±3.1# 
45.8±4.2 
38.7±5.2 
-7.1±2.9# 
43.5±6.1 
34.2±6.9 
Fat Mass 
(kg) 
41.1±8.1 
31. 9±8. 2 
-9.3±3.1# 
44.6±9.2 
31. 7±8. 2 
-12.9±3.8# 
42.3±9.5 
26.6±7.7 
LBM 
(kg) 
52.8±6.7 
49.0±7.3 
-3.8±1.4# 
52.1±5.2 
49.2±4.6 
-2.9±1.3# 
54.4±6.8 
50.4±5.8 
Change -19.6±4.2#* -9.3±3.7#* -15.7±4.5#* -3.9±2.4# 
20.2+3.2%*+ 
# p<0.05 significant decrease from baseline to week 12 
within groups 
* p<0.05 D400 > DO 
+ p<0.05 D400 > D200 
Group 
DO (n=7) 
Baseline 
Week 12 
Change 
% Change 
D200 (n=8) 
Baseline 
Week 12 
Change 
% Change 
D400 (n=8) 
Baseline 
Week 12 
Change 
% Chane 
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TABLE 5 
RESTING METABOLIC RATE 
X + S.D. 
RMR 
kcal/d 
1614.29±215 
1390.00±185 
-221.43±70* 
-13.63±3.7 
1668.75±236 
1495.00+270 
-173.75±246 
-10.00±12 
1653.75±153 
1360.00±115 
-293.75±127* 
-17.49+6.2 
RMR 
kcal/kg/d 
17.22±0.9 
17. 34±1. 6 
0 .12±1. 2 
0.64±6.6 
17.43±3.0 
18.43±1.3 
1. 0±3. 0 
7.7±16 
17.23±1.6 
17.81±1.9 
0.58±1.4 
3.50+8.1 
RMR 
kcal/kgLBM/d 
30 . :68±2. 7 
28.54±2.4 
-2.15±0.9* 
-6.90±2.8 
32.02±3.8 
30.27±3.5 
-1. 75+4. 6 
-4.74±13 
30.72±3.8 
27.21±3.1 
-3.51±2.4* 
-11.1+7. 5 
* p<0.05 significant decrease from baseline to week 12 
within groups 
Group 
D0(n=7) 
Baseline 
Week 12 
Change 
% Change 
D200(n=8) 
Baseline 
Week 12 
Change 
% Change 
D400(n=8) 
Baseline 
Week 12 
Change 
% Chane 
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TABLE 6 
AEROBIC FUNCTIONAL CAPACITY 
X + 
vo2max 
ml/min 
1936.71±294 
1882.33±283 
-37.33±151 
-1.37±9.5 
2004.88±363 
1979.00±237 
-79.00±182 
-3.03±7.3 
2183.88±302 
2231. 63±303 
47.75±241 
2.64+11 
S.D. 
vo2max 
ml/kg/min 
20.84±2.9 
24.37+4.3 
3.53±2-4# 
17.2±13 
20.93+2.38 
25.00+2.16 
3.47±2.6# 
16.8±13 
23.11+3.6 
29.53±3.7*+ 
6.41±2.7# 
28.9+14 
vo2max 
ml/kgLBM/min 
36 . ,69±3. 5 
39.44±4.3 
2.38±3.7 
6.73±11 
38.30±4.0 
39.84±2.3 
0.80±3.3 
2.61±8.6 
40.31±3.8 
44.30±4.0*+ 
3.99±4.9 
10.6+12 
# p<0.05 significant increase from baseline to week 12 
within groups 
* p<0.05 D400 > D200 
+ p<0.05 D400 > DO 
Group Bench 
(kg) 
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TABLE 7 
MUSCULAR STRENGTH 
X + S.D. 
Lat 
(kg) 
Knee Ext 
(kg) 
Knee Flext 
(kg) 
DO (n=7) 
Baseline 
Week 12 
30.52±7.3 33.77±6.4 
27.27±7.0 28.03±7.3 
25.33±3.6 14.94±6~8 
28.79±11.4 16.67±8.5 
Change 
D200 (n=8) 
Baseline 
Week 12 
-3.79±1.9# -5.30±5.3 
30.68±5.8 
31.17±7.2 
31.25±6.6 
35.71±6.1 
3.79±9.7 
24.43±5.9 
28.57±6.3 
1.52±4.7 
14.77±5.3 
18.83±4.1 
Change 0.65±4.1* 4.55+3.7#+ 3.90±6.1 3.25±3.4# 
D400 (n=8) 
Baseline 32.39±5.7 
Week 12 29.55±5.4 
36.36±5.4 
36.36±5.4 
Chane -2.84+2.4# 0.00+5.9 
26.71±6.6 
32.96±6.8 
15.91±4.9 
18.75±3.8 
6.25+6.4# 2.84+4.8 
# p<0.05 significant change from baseline to week 12 within 
groups 
* p<0.05 D200 > DO and D400 
+ p<0.05 D200 > DO 
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TABLE 8 
Comparison o f b d 0 .y composi ion c h anges among t d. s u ies. 
WEIGHT LOSS (kg) LBM LOSS (kg) 
STUDY kcal/day Wks diet diet & diet diet & 
(PRO) exer exer 
Pavlou 800 8 9.2±0.3 11.8±0.6 3. 3±L O* 0.6±0.9 
(1985) (70 g) (36%) (5%) 
N=72 M 
Hill 800 5 8.0±1.2 8.2±0.7 3.5* 2.2 
(1987) (44 g) ( 43%) (26%) 
N=8 F 
Hammer 800 16 9.5±0.7 12.9±0.7 1.6 3.1 
(1989) (50 g) (17%) (24%) 
N=14 F 
Krotkiew 500 3 6.2+1.7 6.8±2.6 2.0±1.2 2 .8±1.4 
ski(1986) (48 g) (32%) (41%) 
N=18 F 
VanDale 720-800 13 12.2±4.7 13.2±1.5 2.8±1.2 2.3±0.7 
(1987) (55-67 g) (23%) (17%) 
N=12 F 
Whatley 800 12 
N=23 F (70 g) 
DO 13.1+2.4 3.8+1.4 
(31%) 
D200 15.8±4.2 2.9+1.3 
(18%) 
D400 19.6+4.2 1~ 3.9+2.4 
(21%) 
. . . . . . . 
* significant difference diet vs diet plus exercise groups 
Cl) 
Cl) 
0 
H 
ij 
H 
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FIGURE 1. Weight loss (kg) versus minutes per week of exercise 
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FIGURE 2. Percent weight loss versus minutes per week of exercise 
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FIGURE 3. Change in percent body fat versus minutes per week of exercise 
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r= 0.615, r 2= 0.378, p= 0.002 
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FIGURE 4. Change in fat mass versus minutes perweek of exercise 
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FIGURE 5. Charige in lean body mass versus minutes per week of exercise 
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DISCUSSION OF RESULTS 
DISCUSSION OF RESULTS 
Numerous studies have examined the affect of exercise 
in combination with a very low-calorie diet (VLCD) on 
changes in body composition and resting metabolic rate (RMR) 
but few have satisfactorily described the type, frequency 
and intensity of the exercise protocol. Tables 3 to 7 
present the findings of this study which identify an 
important new moderate mixed exercise compared to heavy 
mixed or no exercise in VLCD therapy for preservation of LBM 
(D200, -2.9±1.3 vs; DO, -3.8±1.4 and; D200,-3.9+2.4 kg), 
RMR (D200, -4.7±13% vs; DO, -6.9±2.8 % and; D400, -11.1+7.5% 
per kg of LBM) and upper body muscular strength (D200, 
+0.65±6.4 vs; DO, -3.8±1.9 and; D400, -2.8±4.8 kg). The 
moderate mixed exercise program (D200) consisted of a 3 d/wk 
progressive brisk walking program that gradually increased 
to a mean of 182±41 min/wk during weeks 9 through 12 at an 
intensity of 50 to 65% heart rate reserve (HRR). In 
addition, weight training of 4 major muscle groups, on the 
same 3 d/wk was conducted, for 3 sets of 6 to 8 repetitions 
at 70 to 80% 1 repetition max (lRM} in 15 to 20 minutes. 
This establishes a highly specific mixed exercise training 
program for VLCD therapy. 
Body Composition. The D400 group (heavy exercise and 
800 kcal/d diet) resulted in significantly greater loss of 
body weight compared to the D200 (moderate exercise and 800 
70 
kcal/d diet) and DO (800 kcal/d diet only) group (Table 4). 
Further, total weight loss was not significantly different 
among groups until the week 12 mark. This observation 
suggests a 12-week training period, which is longer than 
most VLCD plus exercise studies (typically< 8 weeks) may be 
necessary to observe an additive effect of heavy exercise 
(Table 4) regarding loss of body fat mass (-15.7±4.5 vs -
12.9±3.8 and -9.3±3.1 kg) and total body weight (-19.6±4.2 
vs -15.8±4.2 and -13.1±2.4 kg). 
Total weight loss however, does not indicate the 
repartitioning of weight loss. The D400 group lost 
significantly (p=0.007) greater fat mass (-15.7±4.5 kg) 
compared to the DO group (-9.3±3.1 kg) and although, only 
marginally statistically significant (p=0.066), the D200 
group lost more fat mass (-12.9±3.8 kg) than the DO group 
(Table 4). 
Although no statistically significant differences were 
found among groups regarding the loss of LBM, the moderate 
mixed exercise program (D200) showed the smallest absolute 
loss of LBM (-2.9±1.3 kg) compared to heavy (D400; -3.9±2.4 
kg) or no exercise (DO; -3.8±1.4 kg) during a 800 kcal/d 
diet (Table 4). Given the genetic variation reflected in 
the standard deviation, the small sample size used in this 
study resulted in a statistical power of 60 thus decreasing 
the ability to observe a statistically significant 
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difference between groups. Use of VLCD therapies alone or 
in conjunction with various endurance exercise program have 
been found to result in similar absolute losses of excess 
LBM in obese subjects (Phinney et al., 1988; Krotkiewski et 
al., 1981; and Van Dale et al., 1987). In contrast Ballor 
et al., (1988) found an independent effect of weight 
training resulting in a gain of LBM during moderate caloric 
restriction (1000 kcal/d) in obese females. 
Taken together, the exercisers showed a more desirable 
repartitioning of body weight compared to the nonexercisers. 
The moderate mixed exercise group (D200) showed the most 
favorable repartitioning with 81.5% of their weight from fat 
and 18.5% from LBM followed by the heavy mixed exercise 
group (D400) which lost 79.3% of their weight from fat and 
20.7% from LBM compared to the nonexercising group (DO) 
which lost 69.2% of their weight from fat and 30.8% from LBM 
(Table 8). 
Minimizing the loss of LBM to less that 25% of total 
weight is a priority of weight loss programs for the 
treatment of obesity. It appears that combining exercise 
with a nutrient dense 800 kcal/d diet achieves this goal and 
certain exercise programs may achieve a better preservation 
of LBM compared to a VLCD alone (Table 8). To completely 
spare LBM in the severely obese patient is unnecessary since 
there is an obligatory loss of the excess body protein in 
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obese individuals during weight loss (Kreitzman, 1989). 
Although the proportion of weight lost by both exercise 
groups (D200 and D400) in this study were within the 
guidelines of a 75% loss from fat mass and 25% loss from LBM 
proposed by Garrow (1987) the added benefits of preservation 
of RMR per kg of LBM and maintaining upper body strength by 
the moderate mixed exercise group (D200) contributes to the 
rationale for identifying a moderate mixed exercise program 
as a threshold level during a VLCD. 
Stepwise regression analysis was used to determine that 
min/wk of endurance exercise accounted for 45.6% of the 
change in weight (Fig. 1); 43.2% of the change in percent 
weight loss (Fig. 2); 37.8% of the decrease in the percent 
body fat (Fig. 3); and, 45.0% of the decrease in fat mass 
(Fig. 4). The models indicated that a loss of one kg of 
body weight or fat mass was associated with an additional 50 
min/wk of endurance exercise; a one percent weight loss was 
associated with an additional 55 min/wk of exercise; and, a 
one percent change in percent body fat was associated with 
an additional 67 min/wk of exercise. 
No relationships were noted for in changes in LBM and 
magnitude of weight loss (p=0.53); or baseline LBM 
(p=0.083). As suggested by Forbes (1988), initial body fat 
status accounted for 15.5% of the variance in the change in 
LBM from baseline to week 12 (r=0.40;p=0.063). That is, the 
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greater the initial body fat status the smaller the loss of 
absolute LBM from baseline to week 12. 
The mechanisms for preservation of LBM by exercise 
during caloric restriction are the subjects of many 
hypotheses. However, it appears that the ability of 
exercise to spare LBM diminishes as the level of nutrient 
adequacy and caloric restriction becomes more severe. 
Separate mechanisms, influenced by genetics, anthropometric 
and sex dimorphism, for preservation of LBM most likely 
exist for endurance and resistance training modes. For 
example, in athletic healthy individuals endurance exercise 
training after adequate adaptation (3-5 weeks) enhances fat 
oxidation which in turn reduces the need to deaminate amino 
acids to supply carbohydrate and thereby may effect protein-
sparing. Simple muscle use during exercise may also effect 
the preservation of LBM (Goldspink 1964 and Ballar et al., 
1988). 
However, the protein-sparing effects of exercise may be 
counterbalanced by the high endogenous energy expenditure of 
endurance exercise, especially at the semi-starvation level 
(Goodman 1988). The results of this study may indeed 
support this notion. The quantity of exercise engaged in by 
the heavy exercisers (D400) may have required a greater 
amount of endogenous energy than could be supplied by 
increased fat oxidation therefore compromising protein 
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sparing which resulted in a greater absolute loss of LBM 
compared to the moderate exercisers (D200). Carrara et al., 
(1990) directly measured protein metabolism during exercise 
and recovery. Results showed that endurance exercise 
stimulated muscle protein breakdown, however, muscle protein 
synthesis was stimulated in recovery in the six healthy 
volunteers on a nutrient dense, protein adequate eucaloric 
diet. Therefore, no significant depletion of muscle mass 
need be found with repetitive exercise training in the 
athletic population due to this balanced muscle protein 
breakdown and synthesis. This balance between muscle 
protein breakdown during exercise and synthesis during 
exercise recovery may be compromised in obese individuals 
exercising during a semi-starvation diet. Further 
investigation is needed to determine whether there is 
adequate protein in VLCDs to replenish not only the 
obligatory daily protein turnover (Clark and Blackburn, 
1985) but also the protein required to stimulate protein 
synthesis during exercise recover (Carrara et al., 1990). 
The ability of weight training to enhance LBM through 
muscle hypertrophy is clearly demonstrated in athletic 
populations (Fleck and Kraemer 1987). Since few studies 
have employed weight training during caloric restriction, 
the ability of weight training to preserve LBM is unclear. 
Similar to endurance type exercise, the ability of weight 
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training to preserve LBM may be expected to diminishes as 
the level of caloric restriction becomes more severe. In 
contrast to endurance type exercise however, resistance type 
exercise is a uniquely low cost activity and would not 
contribute to the energy deficit created by caloric 
restriction. Clearly, further research is needed to examine 
the independent effects of resistance training to derive 
body composition benefits during caloric restriction. It 
can be expected to be important in maintaining strength and 
sparing of LBM. 
Resting Metabolic Rate. Decreases in RMR were found in 
all groups (Table 5) and it appears that absolute RMR and 
per kg of LBM declines to a greater extend when heavy mixed 
exercise (D400) is added to a VLCD compared to moderate 
(D200) or no exercise (DO). These short-term reduction in 
RMR support those investigators that suggest that the 
magnitude of the decline in RMR is proportional to the 
caloric deficit (Hill et al., 1987, Wadden et al., 1990). 
The large variability found in the magnitude and direction 
of the change in RMR for the D200 group best explain the 
inability to observe significance within this group and also 
between groups. Large variations in the response of RMR to 
weight loss and exercise training have been found by others 
and have been attributed to numerous factors such as 
genetics (Ravussin et al., 1988), timing of the measurement 
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(Poehlman et al., 1989), hormonal changes (Bray and 
Atkinson, 1979), and variations in fitness (Tremblay et al., 
1986). 
Reductions in RMR have also been attributed to changes 
in LBM concomitant with weight loss (Hill et al., 1989). 
The findings of this study were unable to show a 
relationship between the short-term change in RMR and the 
change in LBM (p=0.403), or the magnitude of weight loss 
(p=0.712). However, these results support the notion that 
changes in LBM are more closely related to long-term changes 
in RMR (Wadden et al., 1990). 
Consistent with Wadden et al., (1990) baseline RMR 
accounted for 41% of the variance in the change in RMR. 
That is, individuals with the highest baseline values showed 
the greatest decline in RMR. 
Aerobic Functional Capacity. Little data exist 
regarding the change in aerobic functional capacity of obese 
individuals when severe caloric restriction is combined with 
exercise training. All groups showed a significant increase 
in relative aerobic capacity (ml/kg/min; Table 6). Weight 
loss alone from nutrient dense VLCDs results in an increase 
in relative aerobic capacity (Hill et al., 1989), therefore 
the significantly greater magnitude of change in the 
relative aerobic capacity in the D400 group is a reflection 
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of the greater magnitude of weight loss found in this group 
compared to the D200 and DO group. 
The effect of exercise becomes apparent when aerobic 
capacity is expressed per kg of LBM (Table 6). A 
significantly greater aerobic capacity per kg of LBM at week 
12 was found in the D400 group compared to both the 0200 and 
DO group. The D200 group appeared to have no change in 
aerobic capacity per kg of LBM and may suggest that the 
level of exercise they engaged in was insufficient to elicit 
a significantly greater change above that which occurred 
with repartitioning of body weight alone. However, the 
large variation found in the change from baseline to week 12 
in the D200 group and the small sample size may have 
decreased the statistical power to observe a significant 
change. Stratification anthropometrically (ie. endomorphic, 
mesomorphic or ectomorphic) is needed to identify subgroups 
who may respond to moderate mixed exercise training. If the 
outcome goal of treatment is an increased training effect as 
well as nutrient partitioning towards preservation of LBM, a 
new diet will be required both in protein and calories 
(Hoffer et al., 1984). 
Muscular Strength. Lower body muscular strength (1-RM 
knee extension and flexion) increased in all groups with a 
significant increase found for the D200 group for knee 
flexion and for the D400 group for the knee extension. 
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These results (Table 7) suggest that no strength was lost in 
the lower body (knee extension and flexion) for any group 
and are similar to the results of Donnelly et al. (in 
press). The weight bearing capacity of the legs for general 
locomotion may explain the ability to maintain lower body 
strength during significant weight loss. 
Weight training alone in combination with moderate 
caloric restriction has been shown to result in upper body 
strength gains (1-RM bench press) in obese females (Baller 
et al., 1988). Upper body muscular strength (1-RM bench 
press and lateral pull-down) in general, decreased for the 
DO and D4OO group whereas, the D2OO group showed increases 
in the present study. These finding (Table 7) identify a 
threshold of moderate mixed exercise (D2OO) and nutrient 
dense VLCD over 12 weeks that results in maintenance of 
upper body muscular strength. Heavy (D4OO) or no exercise 
(DO) may decrease upper body muscular strength during a 
severe caloric restriction, however, this hypothesis 
deserves further investigation. 
CONCLUSIONS/SUMMARY/FUTURE STUDIES 
CONCLUSXONS 
Exercise is now recognized as a necessary component for 
effective treatment of obesity along with caloric 
restriction and behavior modification (Council on Scientific 
Affairs, 1988). The inclusion of endurance exercise to 
caloric restriction has been based on the hypothesis that 
exercise will accelerate weight loss and elicit a more 
favorable repartitioning of body weight compared to caloric 
restriction alone (Bray, 1990). 
However, equivocal results have been found among many 
studies. It appears that some endurance exercise routines 
may have no additive effects on loss of total body weight, 
especially at the very low-calorie level. Furthermore, some 
investigators have found a greater loss of fat mass and 
preservation of LBM in exercise-diet treatments, whereas 
others have found no added benefit of exercise on 
repartitioning of body weight loss during caloric 
restriction. The discrepant results have been attributed to 
numerous factors that include: nutrient adequacy of the 
diet; magnitude of caloric restriction; initial body fat 
status; body fat distribution; genotype; the use of numerous 
exercise and diet combinations; methodological differences; 
measurement error; and, the lack of consideration for other 
confounding variables. 
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Regardless of the current inadequacies, it appears that 
the benefits of endurance exercise diminish as the severity 
of the caloric restriction increases particularly to semi-
starvation. This is seen in the body's ability to loss 
weight, spare LBM and defend RMR. 
Clearly, a priority exists to discover an effective 
exercise program during a VLCD to achieve desirable 
partitioning of body weight. Increased fitness reflected in 
increased aerobic functional capacity can best be achieved 
during weight maintenance using healthy nutrient dense 
eucaloric diets. 
The purpose of this 12-week study was to investigate 
the dose-response of a mixed exercise program combined with 
a nutrient dense VLCD on repartitioning of body weight and 
adaptations in resting metabolic rate in obese females. The 
results of this study identify a new moderate mixed exercise 
program {D200) when combined with a nutrient dense VLCD 
{Table 1), resulting in a more favorable partitioning of 
body weight (preservation of LBM) compared to heavy mixed 
exercise or no exercise. In favor of a moderate mixed 
exercise program (D200) is the trend for a greater decline 
in RMR {per kg of LBM) with the addition of heavy mixed 
exercise to a VLCD. Further rationale for employing a mixed 
moderate exercise program {D200) during a VLCD is the 
preservation of upper body muscular strength compared to a 
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decline found in nonexercisers (DO) and heavy exercisers 
(D400). 
The moderate mixed exercise program (D200) is defined 
as a 3 d/wk progressive brisk walking program to 
approximately 182 min/wk at an intensity of 50 to 65% HRR. 
In addition, it includes weight training of 4 major muscle 
groups, on the same 3 d/wk, for 3 sets of 6 to 8 repetitions 
at 70 to 80% 1 repetition max, in 15 to 20 minutes. 
Future investigation regarding the mechanisms and 
rationale for utilizing resistance type exercise (weight 
training) alone or in combination with endurance exercise is 
needed. studies should focus on the benefits of resistance 
type exercise regarding preservation of LBM and the energy 
efficiency of the residual LBM as proposed by Lemons et al. 
(1989). Secondly, investigation is needed to determine if 
an energy or nutrient deficit threshold exists for 
preservation of LBM and RMR. Research should examine 
whether imbalances in energy deficits created by severe 
caloric restriction, strenuous exercise or some combination 
of the two are contributory. Finally, the mechanisms and 
rationale for preservation of upper body strength deserves 
further attention using new diets and exercise regimens for 
weight loss. 
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APPENDIX I 
Informed Consent. 
We are conducting this study to learn how a supervised 
exercise program as part of a very low-calorie diet and 
behavior modification program will affect weight loss 
efforts of obese individuals. Participants will be assigned 
randomly (which is like flipping a coin) to one of three 
groups. The only difference among the three groups , will be 
that one will not participate in any supervised exercise 
program, one will participate in a supervised exercise 
program three times per week, and the third will participate 
in a supervised exercise program five times per week. 
You will participate in a multidisciplinary outpatient 
obesity treatment program consisting of a very low-calorie 
diet and weekly group meetings, which include nutrition and 
behavior modification information. Medical monitoring 
(weight and blood pressure) by a research nurse will precede 
the weekly group meetings. The study will last 24 weeks and 
be broken into four phases: 1) screening tests, 4 weeks; 2) 
weight-loss phase, 12 weeks; 3) refeeding phase, where 
whole foods are gradually added back to your diet, 4 weeks; 
and 4) stabilization phase, 4 weeks. 
You will be one of 24 patients participating in this study. 
Upon acceptance into the study, you will participate in a 
four-week screening phase during which the tests described 
below will be performed before you begin the diet. You will 
then be placed on a one-week 1,000 calorie diet using the 
American Diabetes Association (ADA) Exchange Lists. You 
will then begin the 12-week weight-loss phase. During this 
phase, you will be placed on a very low-calorie diet, which 
uses a thoroughly tested, nutritionally complete powder 
formula. A four-week refeeding phase during which whole 
foods are gradually added back to your diet will follow the 
weight-loss phase. A four week stabilization phase where 
you will be instructed to follow a 1,000 to 1,500 calorie 
diet using the ADA Exchange Lists will follow the refeeding 
phase. You will be provided with written instructions and 
copies of the diet plans. You will be seen weekly by a 
research nurse to check your blood pressure, and at weeks 4, 
8, 12, 16, and 20 you will fill out behavioral 
questionnaires and have your blood drawn. A total of 5 
tablespoons of blood will be drawn for a complete blood 
count and chemistry profile. 
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METABOLIC TESTS: 
On certain days, you will be asked not to exercise for the 
entire day and not to eat or drink after 8:00 p.m. on the 
same day. The next day you will be asked to report to the 
clinic between 7:00 and 11:00 a.m •• You will then rest 
lying down for a half-hour period with a plexi-glass 
ventilated hood over your head in which there is a constant 
flow of fresh air. Collection of your exhaled air over a 5-
10 minute period is then used to determine the number of 
calories you burn in one day. This procedure is easy, 
comfortable, and poses no risk to you. This measurement 
will be taken three times during the study period at the 
start of the study and at weeks 12 and 20. 
You may choose to be one of nine subjects who wish to 
volunteer to participate in -a labeled-water test to measure 
how many calories you burn over six days. This test is not 
a required part of the study program. This water poses no 
risk to you. You will be asked to report to the laboratory 
between 8:00 and 9:00 a.m. after an overnight fast (no food 
or liquid after 8:00 p.m.). You will be asked for a urine 
sample and then to drink a small amount of "heavy" labeled 
water, water that is different from regular water only in 
that it has a structure that we can measure separately from 
tap water. You will be asked to remain in the laboratory 
for the next six hours. No food or liquid will be allowed 
during this time, except at the three-hour mark when you 
will be permitted to drink some water. We will also collect 
urine samples during this six-hour period. For the next six 
days, you will be asked to record all the food and beverages 
that you eat and drink as well as any physical activity you 
do. You will also be required to collect a morning urine 
sample each day of the test and store it in your freezer. 
On day six, you will be asked to return to the laboratory 
between 8:00 and 9:00 a.m. after an overnight fast (no food 
or liquid after 8:00 p.m.) the night before your visit to 
the laboratory. A urine sample will be collected at the 
laboratory and you will be asked to drink the labeled water 
again, followed by the six-hour period during which no food 
or liquid can be consumed. Your urine will be collected 
again after this six hour period. This entire test will be 
repeated at the end of the study (week 20). To date, this 
test is the most accurate measurement of the number of 
calories you burn over a long period of time (e.g. 6 days) 
and provides an excellent measure of body composition (fat, 
muscle, and water). 
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FITNESS TESTS: 
You will be asked to perform an exercise test on a motor-
driven treadmill conducted at the Northeastern University 
Exercise Laboratory. This exercise test will be performed 
before you start the diet to determine how well your heart 
and lungs function, and to assess your readiness and 
capability to participate safely in an exercise program. 
The exercise test will be repeated at the completion of 
weight loss and after stabilization to determine the 
improvement in the function your heart and lungs.The 
exercise levels will begin at a level you can easily 
accomplish and will advance in stages depending on your 
exercise capacity. The treadmill will remain at a constant 
walking speed while the slope will gradually increase at 
one-minute intervals. During the test, you will breathe 
through a mouthpiece to measure your oxygen intake. A 
physician will be conducting the test and will stop the test 
should there be unusual signs of fatigue, heart problems, or 
blood pressure changes. You may stop when you wish to 
because of personal feelings of fatigue (e.g., shortness of 
breath, leg fatigue) or discomfort (e.g., chest pain). We 
do not wish you to exercise at a level that is abnormally 
uncomfortable for you. 
Your upper body (arms, chest, and shoulders) strength will 
be assessed by lifting a weight while lying down on a bench. 
You will then lift a weight over your chest while a research 
technician acts as a spotter to ensure that you do not drop 
the weight or hurt yourself. You will begin with an amount 
of weight you can easily lift (such as 5 or 10 lbs) and 
gradually increase the weight until you have lifted the 
heaviest weight you can. You will also be asked to do as 
many bent-knee sit-ups as you can for one minute. These 
tests will be performed at the Northeastern University 
Exercise Laboratory before you start the diet and at weeks 
12 and 20. 
BODY COMPOSITION: 
Your body composition (amount of fat, muscle, and water) 
will be measured by underwater weighing. You will be asked 
to dress in a bathing suit and then sit in an aluminum chair 
suspended from a scale in a 5 foot by 5 foot by 3 foot water 
tank. After blowing out all of the air in your lungs, you 
will gently bend forward at the waist so that your body is 
totally submerged in the water and the research technician 
will take your underwater weight. Eight or more trials will 
be made to accurately represent your underwater weight. 
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In addition, your body composition will be measured by a 
machine called a bioelectrical impedance analyzer (BIA). 
You will lie down and have electrodes placed on your right 
hand and foot. The BIA machine is connected to the 
electrodes, and a current, which you do not feel, passes 
between the electrodes. 
Your body composition will also be measured by determining 
your total body water. You will be asked to report to the 
clinic without eating or drinking any fluids for a _12-hour 
period prior to your appointment. You will be asked to 
drink about a 1/3 glass of "heavy" water and 1/2 glass of 3% 
sodium bromide. Heavy water is different from regular water 
only in that it has a structure that we can measure 
separately from tap water. This water poses no risk to you. 
A blood sample (1/2 ounce) will be taken at 3 and 4 hours 
after drinking the water. 
The body composition tests will be done during one visit at 
the Northeastern University Exercise Laboratory before you 
begin the diet and at weeks 12 and 20. 
BODY MEASUREMENTS: 
You will be asked to dress in a hospital gown while a 
research technician will measure with a tape measure around 
your arm, leg, waist, and buttocks. The technician will 
also measure a fold of skin on your back, arm, leg, and 
stomach. These measurements will be taken during the same 
visit as your body composition tests before you begin the 
diet and at week 12 and 20. 
EXERCISE PROGRAM: 
If you are randomly assigned (like a flip of a coin) into 
one of the supervised exercise groups, you will participate 
in a brisk walking and strength-training (muscle toning) 
program either three or five times per week. The exercise 
program will gradually increase your duration of walking 
from 30 to 70 or 80 minutes per session to gradually 
increase the workload on your heart and lungs and thereby 
improve their ability to work. The progressive strength 
program (muscle toning) will use small hand-held weights (3, 
5, 8, or 10 lbs) to improve your muscular strength and 
endurance. These exercise activities will be carefully 
regulated and monitored by a trained exercise specialist. 
If you are assigned to either of the exercise groups, you 
will participate in the supervised exercise sessions for the 
entire study. The supervised exercise sessions will be 
conducted Monday through Friday from 7:00 to 9:30 a.m. at 
the Northeastern University indoor track. A temporary 
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parking pass will be issued to you for free entrance into 
the Northeastern University parking lot adjacent to the 
indoor track. 
PARTICIPATION FEE: 
If you are chosen for the study, you will be asked to pay a 
non-refundable fee of $300.00 for your participation. This 
fee is less than 1/13 of the price usually charged for the 
weight-loss program used in this study. 
POTENTIAL RISKS AND HAZARDS: 
You have been carefully screened before beginning this study 
by medical personnel, and your progress will be carefully 
monitored on a weekly basis throughout the study. The risk 
in participating is slight. Some patients experience 
temporary side effects during the very low-calorie diet 
phase of the treatment program. These side effects include 
sensitivity to cold, dry skin, temporary skin rash, 
dizziness on standing for long periods in one position or 
with sudden position changes, fatigue, diarrhea or 
constipation, muscle cramps, bad breath, changes in 
menstrual patterns, or temporary hair loss. Rare . instances 
of sudden death have occurred in obese patients undergoing 
weight reduction by use of a very low-calorie diet. 
The blood samples may cause a bruise at the blood drawing 
site. There exists the possibility of certain changes 
occurring during the graded treadmill exercise test. They 
include abnormal blood pressure, abnormal heart rhythm, 
fainting, and, in very rare instances, heart attack. Every 
effort will be made to minimize these risks through the 
preliminary examination and through close observations 
during the testing. Emergency equipment and trained 
personnel are available to deal with any unusual situations 
that may arise. 
The risk of experiencing any adverse conditions associated 
with diet, behavior modification, and exercise therapy under 
close supervision is judged by experts to be very slight. 
There are no reports of risks associated with the metabolic 
tests (measuring the number of calories you burn in one day 
or over several days), the strength tests (lifting weight or 
doing sit-ups), the body composition tests (measuring your 
fat, muscle, and water), or the body measurements. 
POTENTIAL BENEFITS TO BE EXPECTED: 
There are potential benefits for you from participating in 
this study. You will receive a thorough medical examination 
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and the opportunity to lose weight and to improve your 
health under optimal conditions. If you are successful in 
maintaining your weight loss, your risk of so-called 
"lifestyle" illnesses such as cardiovascular disease, 
diabetes, arthritis, and other metabolic and orthopedic 
diseases may be reduced. For those participants in the 
exercise groups, you will have the opportunity to possibly 
improve cardiovascular function and to enhance muscular 
strength and endurance. 
Information derived from the study will be used for research 
purposes, which may include publication subject to the 
condition that you will not be identified. The research may 
improve the investigators' knowledge of dietary and exercise 
treatments for obesity and related health risks. There are 
several alternative techniques for the treatment of obesity. 
These will be discussed with you. However, none ·has shown 
any unique or consistent effectiveness when compared to this 
study. 
Study participants may withdraw from the study at any time 
without any adverse consequences. Should you become ill 
from causes related or unrelated to the study protocol the 
study physician may terminate your participation early. 
Early withdrawal or termination will require you to end the 
very low-calorie diet program by slowly reintroducing food 
into your diet over a minimum period of three weeks, as is 
current practice for all patients. Once you have entered 
the study, voluntary withdrawal from the study will result 
in loss of the participation fee. Involuntary withdrawal 
from the study will result in a refund of the $300.00 fee. 
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APPENDIX l:l: 
Moderate Mixed Exercise Schedule (D200) 
Endurance Exercise 
Week Freq Intensity Duration Total 
(d/wk) (min) (min/wk) 
1 3 50% HRR 30 90 
2 3 50% HRR 35 105 
3 3 65% HRR 40 120 
4 3 65% HRR 45 135 
5 3 65% HRR 50 150 
6 3 65% HRR 55 165 
7 3 65% HRR 60 180 
8 3 65% HRR 65 195 
9 3 65% HRR 70 210 
10 3 65% HRR 70 210 
11 3 65% HRR 70 210 
12 3 65% HRR 70 210 
Stretch - 5 minutes 
Muscular Strength 
Week Freq Sets Reps %Max 
1-2 3 2 6 70 
3-4 3 3 6-8 75 
5-12 3 3 8 80 
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APPENDIX III 
Heavy Mixed Exercise Schedule (D400) 
Endurance Exercise 
Week Freq Intensity Duration Total 
(d/wk) (min) (min/wk) 
1 5 50% HRR 30 150 
2 5 50% HRR 35 175 
3 5 65% HRR 40 200 
4 5 65% HRR 45 225 
5 5 65% HRR 50 250 
6 5 65% HRR 55 275 
7 5 65% HRR 60 300 
8 5 65% HRR 70 350 
9 5 65% HRR 80 400 
10 5 65% HRR 80 400 
11 5 65% HRR 80 400 
12 5 65% HRR 80 400 
Stretch - 5 minutes 
Muscular Strength 
Week Freq Sets Reps %Max 
1-2 3 2 6 70 
3-4 3 3 6-8 75 
5-12 3 3 8 80 
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